Discovery, isolation and characterization of novel biomolecules with nematicidal activity. by Gavilano, Lily Beatriz.
INFORMATION TO USERS
This m anuscript h a s  b e e n  reproduced from the microfilm m aster. UMi films 
the text directly from the original or copy subm itted. Thus, so m e  thesis  and  
dissertation cop ies a re  in typewriter face, while o thers  m ay b e  from any type of 
com puter printer
The quality of this reproduction is dependent upon the quality of the
c o p y  su b m itte d . Broken or indistinct pnnt, colored or poor quality illustrations 
and  photographs, print bleedthrough, substandard  m argins, and  im proper 
alignm ent can adversely  affect reproduction.
In the unlikely even t that the author did not send  UMI a  com plete m anuscnp t 
and  there  are  m issing p ages, th ese  will be  noted. Also, if unauthorized 
copyright m atenal had to b e  rem oved, a  note will indicate the  deletion.
O versize m atenals (e.g., m aps, draw ings, charts) a re  reproduced  by 
sectioning the original, beginning at the upper left-hand com er and  continuing 
from left to nght in equal sections with small overlaps.
Photographs included in the original m anuscript have been  reproduced  
xerographically in this copy. Higher quality 6" x 9" black and  white 
photographic prints a re  available for any photographs or Illustrations appearing  
in this copy for an  additional charge. C ontact UMI directly to order.
Bell & Howell Information and Learning 
300 North Z eeb  Road, Ann Artxjr, Ml 48106-1346 USA 
800-521-0600
UMI'

UNIVERSITY OF OK LAH O M A  
G R A D U A T E  COLLEGE
D ISCO VERY. ISOLATION AND C H A R A C T E R IZ A T IO N  OF  
N O V E L  B IO M O L E C U L E S  WITH NEM ATICIDAL ACTIVITY
A Dissertation 
SU B M IT T E D  TO  THE (;RAI)UATE FA C ULTY  
In partial fulfil lment o f  the requirements for the
Degree of  
Doctor o f  Philosophy
By
L IL Y G A V IL A N O  
Norman, Oklahoma  
2000
UMI N u m b e r  9980453
IJM l
UMI M ic r o (o rm 9 9 8 0 4 5 3  
Copyright 2 0 0 0  by Bell & Howell Irrtormation an d  Learning C o m p a n y  
All rights r e serv ed  This microform edition is protected a g a in s t  
unauttiorized co p y in g  under Title 17 U nited  S ta l e s  C o d e
Bell & Howell Information and Learning C o m p a n y  
3 0 0  North Z e e b  R oad  
P O B o x  1 346  
Ann Arbor Ml 4 8 1 0 6 - 1 3 4 6
DISC O \  KRV, IS O L A T IO N  A M )  C HARAC T E R I / A T I O N  O F  NON KL 
BIOMOLKC I LES W ITH NEMATIC ID A L  AC T I M  lA
A Dissertation A P P R O V E D  F O R  T H E  
D E P A R I  M E N T O F  B O T A N Y  A N D  MIC R O B I O L O C A
/  /
/
© Copyright by LILY G A VILAN O 2()()() 
All Rights Rcscr\’cd
Acknowledgments
I would like to gi\'c thanks to niy Hea\en!y  hat her and to in\ I ami I y for 
everything. They are the main sourees of  all my inspiration, knowledge, 
strength and lose.
I  l i t , »  I , »  I* r*« I f  I • I « f l« • l / >  Î A f  k  |  t  f t ^ i i
4  4 i  i V /  - >>> 4 4 4 * ^ 4 V 4 4 4 i i ^ ^ W  KS . '  4 >  4 .  4 V 4 . 4 4 W 4  4 4 W4 4  /  V  4 i  4 W &  4 4 4 . >
support, patience, helpful suggestions and ads ice as a supers isor during my 
studies. Special thanks to Dr. Pars i /  Jatala for his guidance, encouragement 
and trust in me to fulfill this challenge. Thanks also go to Dr. David 
McCarthy. Dr. J immy Ballard. Dr. Francis Sehmit/  and Dr. David Duriea 
for being part of  ms committee and for res iesving my Dissertation.
I svould like to e.xpress my appreciation to all members o f  Dr. Schubert 's  
laboratory for creating a friendly work ens ironment. Special thanks to Dr. 
Ru/.hu Chen for all his help and interesting suggestions. I was fortunate to 
have met Dr. Cong-jun Li and I svant to thank him for his kind help also. 
His patience, good sense o f  humor  and kindness svhen helping me svill be 
remembered forever.
Special thanks to Nodal Shahwan for all his help during the first part o f  my 
work and also to Patty Smith for identifying the species of  collected plants. 
Thanks also go to my friends Rossio Kerse \ .  f an n y  Pegram and Rosario 
Falcon for their concern, encouragement and prayers.
Finally, this Disseilation is dedicated to my dear mother  Gricelda Ramirez 
and to the memory of  my dear father Constantino Gavilano. I am eternally 
grateful to them for teaching me to k n e  and appreciate simple things in 
life.
Table o f  C o n len l s ......................................................................................................................................... i\
Table ol C o n te n t s ......................................................................................................................................... vi
List of  T a b l e s .................................................................................................................................................. i \
List o f  F ig u r es .................................................................................................................................................\
List o f  Ab brevia t ions ............................................................................................................................... \ iii
Abst rac t .......................................................................................................................................................... \ iv
C H A P T K R  I:
I n tr oduct i on ....................................................................................................................................................1
1.1 Pest P ro b lem s ....................................................................................................................................b
1.2 F^est M a n a g e m e n t ............................................................................................................................. b
1.3 Pre l iminary Resu l t s ........................................................................................................................ 11
C H A I N E R  II:
Nuturul Products  and Proteins with Ncmutic idal  and Insecticidal  .Activity............... 12
2.1 In t roduc t ion...................................................................................................................................... 12
2.2 Bioact ive SecondarN M etabo l i te s ............................................................................................ 12
2..  ^ Biological ly Ac t i \ e  I’r o te in s ......................................................................................................21
2..VI Plant I’rotease Inhib i tors .............................................................................................22
2..V2 Physiological  Impor tance  o f  ITotease Inhibi tors ...............................................25
2.4 Plant ( ienetic E n g in ee r in g ......................................................................................................... 2b
2.4.1 Importance o f  Plant Clenetic En g inee r i ng .............................................................2S
2.4.2 I ranseenic Plants and I'heir Potential I se for Nematode C on t ro l ............ V)
CH APTER III:
Search for Ncmuticidal Natural P roducts................................................................................^4
, .^1 In t roduc t ion..................................................................................................................................... .^4
,V2 Materials and M e t h o d s ...............................................................................................................
5.2.1 Greenhouse  E x p e r im e n t s ............................................................................................ V)
5.2.2 Exper imenta l  Design for in vnro  Nematode A s s a y ........................................... 44
5.5 Resul ts and Di scu ss ion ................................................................................................................4b
5.5.1 Greenhouse  E x p e r im e n ts ............................................................................................ 47
5.5.2 Laboratory  E x p e r im e n t s ..............................................................................................51
CH APTER I \  :
Isolation and Characterisation o f Secondary M etabolites from  Ambrosia 
psiiostachya ....................................................................................................................................................57
4.1 In t roduc t ion......................................................................................................................................57
4.2 Mater ials and M e t h o d s ................................................................................................................ 5S
4.2.1 Nematode C u l tu r e ...........................................................................................................58
4.2.2 Thin  Uiyc r  C h r o m a t o g r a p h y .....................................................................................61
4.2.3 Scpara lion ut Active  Molecules  by Hi’L C ..........................................................M
4.2.4 NMR Analys is  ol Isolated Secondary  M etabol i t es ..........................................65
4.2.5 Ne matode Respirat ion A s s a \ ................................................................................. 65
4.2.6 .Agglutination A s s a y ..................................................................................................... 66
4.2.7 Insect B i o a s s a v ............................................................................................................. 67
4.2.x l-.t'tect ot C ss ie ine  on Nematicidal  Ac t iv i tv ..................................................... 6K
4.2/7 HP LC  .Analysis o f  the Cyste ine-parthenin .Adducl ........................................6V
4.3 Resu l t s ...............................................................................................................................................70
4.3.1 Isolation and Propei t ies o l 'Parthenin  and Coronopi l in  ...............................70
4.3.2 Biological  .Acti\ it\ ol Parthenin and C oro n o p i l in ......................................... S5
4.3.3 Studies on  the Mode ot Action ot Parthenin and C o r o n o p i l in ................... 00
4.3.4 [Proposed .Mode ol Action ol I ' a r th en in .............................................................100
4.4 Di scuss ion ...................................................................................................................................... 101
4 . '  Cniiv. ! Lilli iii>................................................................................................................................... Iti4
C H A P T K R \ :
Isulut ion a n d  P a r t i a l  C h a r a c t e r i z a t i o n  o f  T r y p s i n  In h i b i t o r s  f r o m  Cassia fru ticosa  
a n d  M tictm a h old ii............................................................................................................................... 104
3.1 In troduction.................................................................................................................................. 104
3.2 Mater ia ls .........................................................................................................................................107
3.3 M e th o d s ..........................................................................................................................................100
3.3.1 Preparat ion ot Plant Crude l : \ t rac t  ...................................................................100
3.3.2 Dia lys i s ..........................................................................................................................100
3.3.3 At Unity C h r o m a t o g r a p h s ..................................................................................... 1 10
3.3.4 l o n -e \ c h an g e  Chromatographs  ( f 'P I .C i .......................................................... I 1 I
3.3.3 S D S - P A G H .................................. ’.............................................................................. 113
3.3.6 T n c i n e -S D S  P A C K ..................................................................................................114
3.3.7 Native P A C K .............................................................................................................. 114
3.3.5 I K P G e l ..........................................................................................................................I 15
3.3.0 In-gel ,Activit\ A s s a s ..............................................................................................1 16
3.3.10 Trypsin Inhibi tion .Assas.......................................................................................1 17
3.3.11 Nematode A s s a y ........................................................................................................11S
3.3.12 I’rotem Dete rminat ion  ( B C A i .............................................................................I IS
5.3.13 Charac ter i / a t i on  ot Trypsin  Inhibitors from M u cuna  and from Cassia  
............................................. ' ...........................................................................................11 "7
3.3.14 De tenninal ion  o f  Purity o f  the Isolated Prote ins ...........................................120
3.3.13 Determinat ion o f  Molecular W e i g h t ..................................................................120
3.3.16 Determinat ion o f  the Isoelectric P o in t .............................................................. 121
5.3.17 Chy motry ps in  A s s a y ................................................................................................122
3.4 Results and D i s cu s s io n .............................................................................................................122
3.4.1 Plant Extrac tion and Dialysis ................................................................................122
3.4.2 Affinity C h r o m a to g ra p h y .......................................................................................126
3.4.3 FPLC Ion-exchange  C h ro m a to g ra p h y .............................................................. 130
3.4.4 S D S - P A G E  Analysis  o f  Protein Pur i ty ............................................................ 133
3.4.3 Tr ic ine -SDS P A G E ................................. ! ...............................................................137
V I I
5.4.6 Native PA G H.............................................................................................................. 137
5.4.7 l E F o l ' T r y p s m  In h ib i to rs ........................................................................................ 140
5.4.x Ciundrluilnlilis  c l f^c in s  A s s a \ ............................................................................ 144
5.4.0 Charaetcri /at iDn ol F’liriTied Trypsin Inh ib i tor s .............................................. 140
5.4 .10 Di scu ss ion ....................................................................................................................162
5.4.11 Conc lus ions .................................................................................................................Kvl
Literature c i t e d .......................................................................................................................................... 166
.Appendix 1. Research protoco ls ..........................................................................................................1X0
Appendix 11. Solut ions and media .................................................................................................... lOX
V I I I
List of Tables
Tabic  2.1 Secondary  Mclaboi i lcs  from MicroorjiaiiiMiis Active .Against Nematodes
and In sect s ........................................................................................................................ 14
Table  2.2 Secondary  Metabol i tes  with Nematicidal  .Acti\ it\ Isolated from
Plant s ................................................................................................................................... I b
Table  2..  ^ Classi ficat ion and Proper t ies  o f  Plant Trypsin Inhibi tors ............................... 2.^
T 1 I fLillint» for wnn .I"'
Table .^.2 Hffect o f  Plant  Hxtracts on T om ato Plants Infected with Nem a to des . , , . 4S
Table 3..  ^ Cal l ing  index of  T o m a to  Plants Treated with Different Plant Ex trac ts . .44
I able 4.1 HlTects ol I LC f r ac t ions  o\ A n ihm siit  hxt rac ts  on N e m a t o d e s .................71
Table 4.2 Nemat ic idal  Hflect o f  Parthenin and Coronopi l in Isolated b\  HPLC.. . .S.^
Table 4..^ f  fleet o f  Parthenin on .Agglutination of Red Blood Cel ls  and on
N e m a to d e s ........................................................................................................................45
Table 5.1 I'i’LC P ro g ram  to Separa te  Trypsin  Inhibitors from Cassia fn i tu o s a . .  I 12
Table  5.2 I PLC P ro g ram  to Separa te  Trypsin  Inhibitors Irom M ucuna  hohlii.  .1 1 2
Table 5..^ Isoelectric Point  of  T ryps in  Inhibitors Irom Different Plant Species .  . 143
Table 5.4 Est imated Molecular  Weights  of  Cassia  and M ucuna  Trypsin
Inhibi tors ..........................................................................................................................154
Table 5.5 C o m p ar i so n  of  S o m e  Properties of  Cassia  and M u cu n a  Trypsin
Inhibi tors with the .Activity o f  Kuni l /  and B owman-U irk  Trypsin 
Inhibi tors ................................................................   162
I X
List of Figures
Hig. I . l  Comparison ol Plant Roots Inlcctcii b \  Nematodes  and b\  Bacter ia 8
j-'ig. 2 . 1 Scheme lor isolation of Secondary  Metabol ites  from A tn h ro s in  15
Pig. 2.2 Plant Teqienoids......................................................   18
Pig. 2.3 Bowman-Birk Trypsin Inhibitor S t ruct ur e ........................................................ 24
F ig. 3.1 Pxperimental  Treatments o f  Nemato de infected T om ato  Seedl ings ....... 43
Pig. 3.2 Pfleet  o f  Plant l : \ t rac t \  on Root  Gall  I 'ormat ion ............................................. 50
I 'ig. 3.3 Id feet of  Plant I: \ tracts on N ematodes  in B i o a s s a s ........................................ 52
F'ig. 3.4 Pfleet  o\ Amhrnsid  l : \ t ract  on  C'aniorliahditis c/ceor/s and
......................................................................................................................... 55
I'ig. 4.1 Picture o\ Ainhn>.\ut i)stlii.stiu h \ i i ............................................................................ 54
F ig. 4.2 T P C  I’aiterns of . \c ti se Molecules  Isolated from A /nhm .su i .......................75
F-ig.4.3 '( '  NM R Spectrum of  F’a r th e m n ....................................................................... 78
F ig. 4.4 IF IF COS^'  Spectrum of Par then in ........................................................................ 74
Pig. 4.5 Laser Mass Spectrum of Parthenin .......................................................................80
F'ig. 4 .b 2F) N M R  Spectrum of  C o ro n o p i l in ........................................................................ 82
F'ig. 4.7 FFPF.C Separation of Nematicidal  Secondars Metabol i tes  from
A n ih m s id ................................................................................  84
Pig. 4.8 Fiffeci o f  different Concentra t ions  o f  Parthenin and Coronopil in  on
Nematodes .................................................................................................................... 87
Pig. 4.4 Ffffect o f  Crude A m hrosid  Pxtract  and F\irthenin on Insects ...................84
F'ig. 4 .10 Mcldicld^ync incay/iild Respirat ion A s s a y ......................................................... 42
Pig. 4.11 Cdi’norluihditis cle^diis  Respirat ion A s s a y ........................................................ 43
F'ig. 4.1 2 EUccl  ot Cyste ine on Nenia lieidal Aetivi iy ot F’ar thenin and
Coro nop i l in ...................................................................................................................... 47
F iji:. 4.14 I ll 'F.C I’rotlies ut the .Adduel Fîelween Cyste ine  and I’anFienin............... 44
Fig. 5.1 I’resenee ot Inhiltilors in F:\ traets ot Miii iina and C u ssu i ......................... I 24
F'ig. 5.2 In-gel F rypsin InFiihilor Aeli \  it\ Assa\  o\' \ t u c u n a  and Cas.sm
F: \t rae ts ............................................................................................................................ 125
Fig. 5..  ^ Separat ion ot Tryps in  Inhibi tors troni Cassui  b> Trypsin  Al'tlnity
C h r o m a t o g r a p h \ ...........................................................................................................12S
Fig. 5.4 Separat ion ot I ryps in  inhibitors  t rom StiH una  by Trypsin  A t tin it \
C h ro m a to g ra p h } ...........................................................................................................124
F'ig. 5.5 Separat ion ot 'T ryps in  Isoinhibi tors from Cdssui  b\  lon-exehange
C hro m ato g rap h } .........................................................................................................1 I
F'ig. 5.6 Separat ion ot F rypsin Isoinhibi tors t rom M m  unit by Ion exchange
C h ro m atogra ph} ...........................................................................................................1.42
F ig 5 7 SDS-F’.ACjF Gel o f  F-PLC Active I racl ions  t rom C assia  f n a i i o u i ........ 145
Fig. 5.x SDS-I’A G F  Gel o f  F-F’F^C Active Fractions  Irom . \ fm  una haUlii  I 46
Fig. 5.4 Tr ic ine-SDS F’AGFi o f  Puri t ied Trypsin  Inhibi tors from M m u n a .......... 148
Fig. 5.10 Native PAGFi of  F^untlcd Trypsin  Fnhibitors t rom C a s s ia ....................... 144
Fig. 5.11 Native PA G E of  Puri  t ied Tryps in  Inhibi tors  Irom Mm i ina ..................... 141
F'ig. 5.12 IF:F of  Trypsin Inhibi tors Isolated t rom Cl/.v.vù/............................................142
Fig. 5.14 FEE of  Trypsin Inhibitors  Isolated front M m  u n a ............................................145
Fig. 5.14 El tec t  o f  Cass ia  Tryps in  Inhibi tois  on C  e/egnn.s......................................... 146
Fig. 5.15 Effect  a f  Mm una Try ps in  Inhibi tors on C. vlci’a n s .......................................148
XI
F-ig. 5 .U 1 MALDl-'I 'OF- Mass  Analys is ol Trypsin  Iniiibilors Irum Cns.sia ............. 152
Fig. 5.17 M A L D 1 - T Ü F  Mass  Frofilo ol (he FPL C Purified Nenuiticidal Peptide
I'ro in  Stiu w i u ..............................................................................................................................15.1
Fig. 5 . IX M A L D l - T O F  Mass  Analysis  o f  Trypsin  Inhibitors MTl-2  and M F l  5
from M m  iiiui................................................................................................................ 155
Fig. 5 .F)  M.ALDl rOF'  Mass  .Analysis ol Frypsin Inhibitors NFFl-l.  M T l -4  and
NFFl-5 from M u c u n a ..................................................................................................15ti
Fig. 5.20 C om par i son oFChym ot ry ps in  and Trypsin Inhibitory ,Aeti\i t \  ol
Proteinase Inhibitors Isolated from M ucuna  and C \is \ ia ............................. 15‘>
Fig. 5.21 Determinat ion of  L,, o f  f  nvo o  Inhibi tor .............................................................160
F'ig. 5.22 Determinat ion of L,, o[ .Mucuna Inhibi tor ...........................................................161
\ i i
List of Abbreviations
PAPXA N-bc ' i i /ovl -DL-arginino p-ii ilroanilidc
BBl Bow man-B irk  inhibilor
BCA Bicinchiminic acid
P -M E Bcia-i iicrcaptdcthanol
BSA Bovine serum albumin
B T N A N-b en/oyi -L - ly ros ine  p-ni iroani lide
C B B C o o m as s i e  Brilliant Blue
CTl Cassia  t rypsin inhibitor
Da Dalton
D M  SO
ECB Europ ean corn borer
E D T A E t i n l e n e  diamine tet raacetate
I M N I' lavm mononucleot ide
ITLC 1 ast prote in  liquid chromatoj t rapin
H P L C Higli p e r lo n n a n c e  liquid chromatography
ILL Isoelect ric locusing e lec t rophores is
KDa Kilodal ton
L M W Low m olecu la r  weight
MALDI roi- Matrix assisted laser desoqMion ioni /a t ion  t ime-oLl l ight
MTI M u ca n a  t rypsin inhibitor
MW C O Molecu la r  weight  cutolT
N M R N uclear  magnet ic re sonance
PBS Phospha te  buHered saline
PVP Polyvinylpyrrol idone
R BC Red blood cells
SDS S o d iu m  dodecyl  sullate
S D S - P A G E SDS polyacry lamide gel elec trophores is
1 AC Tryps in  alllnity chromatography
T E M E D N-te tramethy lethy i ened ia m ine
T1 Tryps in  inhibitor
T E C Thin layer  chromatography
T L C K Tosyl  lysyl chloromethyl  ketone
T P C K Tosyl  phenyla lanyi  chloromethy l ketone
M W
ABSTRACT
The purpose of  this research was to discover novel biological substances 
with nematicidal activity. Plants contain a variety of  bioactive natural 
products. Many o f  them ma\  play a role in plant defense. Plants also 
contain bioactive proteins involved in defense. Two groups of  plants were 
tested for nematicidal activity. The nematicidal activity found in the first 
group of  plants was attributed to the presence of  secondary metabolites, 
while the activity found in the second group was apparently due to the 
presence of active proteins. Aqueous extracts of  Solida^o niissouhcnsis.  
Ambrosia psiiostachya  and Lcspvdcza stucvci. nativ" plants o f  the United 
States, were tested for activity against M. jineniles.  Solidajio and
Ambrosia  reduced gall formation in tomato infected with A/, incoj^nita in 
greenhouse experiments.  In laboratory experiments,  extracts o f  Solida^o  
exerted a nematisiatic effect. U'spcdvza  inhibited nematode motility 
temporarily. O f  the three, only A. psiiostachya  crude extract exhibited 
nematicidal activity, causing 1()09( mortality at a concentration o f  20 
mg/ml. Bioaclivity-directed TLC fractionation o\' Ambrosia  extract resulted 
in the isolation o f  three nematieidal secondary metabolites. Tlie structures 
o f  two o f  these compounds,  parthenin and coronopilin,  were determined by 
NMR and mass spectrometry. Parthenin and coronopilin,  are known
X I V
sesquiterpenes and these compounds  were reported previously to possess 
antitumor, antibacterial, antil'ungal. molluscicidal and insect antifcedant 
activities. However,  this is the first report o f  their nematicidal activity. We 
proposed a model for the mode-of-action of parthenin in vshich the 
parthenin reacts with essential sullliydryl groups of  proteins. To test this 
hypothesis,  parthenin was mixed with cysteine and then tested for 
nematicidal activity. Indeed, the nematicidal effect o f  parthenin was 
reduced by mixing the compound with equimolar  concentrations of  
cysteine. This  suggests that the lethal effect o f  parthenin on nematodes is 
due to reaction with sulfhydryl groups present in essential proteins.
Bioacti\e defense-related proteins include proteins such as protease 
inhibitors. Trypsin inhibitors have exhibi ted antiinsect, anti fungal and 
nematicidal activities. The gene for trypsin inhibitor may protect plants 
from different pests and pathogens when expressed in transgenic plants. 
For this reason, we are involved in the isolation of  novel trypsin inhibitors. 
Earlier studies indicated that seeds of  Cassia fruticosa  and Mucuna holdii, 
two tropical species, possess trypsin inhibitory activity. Trypsin inhibitors 
were isolated from both species by affinity chromatography. Isofonns  of  
trypsin inhibitors were further purified by anion exchange chromatography.
X V
Three trypsin inhibitors were purified from Cassia. Five trypsin inhibitors 
were detected in M ucuna  seed extract and these inhibitors exhibited high 
thermostabili ty.  Based on SDS-PAGE. the molecular  weight of  the purified 
trypsin inhibitors from Cassia  was 17, 700 Da and inhibitors from Mucuna  
were found to possess a molecular weight around 9.000 Da. Their 
molecular weight was also determined by M A LDl-TOF laser mass 
spectrometry. M A L D l-T O F  mass analysis indicated that the molecular 
weights o f  Cassia  and Mucuna  inhibitors were 21.500 and S.OOO Da. 
respectively. Bioassays o f  trypsin inhibitors using a Cacnorhahditis  
d e d a n s  feeding bioassay indicated that the trypsin inhibitors from both 
Cassia  and Mucuna  were capable of  causing nematode mortality under the 
conditions o f  the bioassay.
Both, sesquiterpene lactones isolated from Am brosia  and trypsin inhibitors 
isolated from Cassia  and from M ucuna  are new potential tools to engineer 
transgenic plants with resistance to plant parasitic nematodes.
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CHAPTER I : Introduction
Bioiechnology has been pruciieed sueeesslïilly to solve several problems in 
agriculture in the last decade. However, control ol pests like nematodes and 
insects is still one ol the major problems lacing agriculture today. Parasitic 
nematodes and insects spread plant diseases and des tro\  entire crops in 
association with bacteria, viruses and fungi. Nematodes  are distributed 
worldwide (Platt. IV94: Sasser and P reck man. ldS7) and they can 
parasitize all living organisms including humans (Daub ci a/.. 2(){)0). 
livestock (Hmery ci al.. Idd l) .  insects (Garcia del Pino. 1 VVbi. plants 
(Trudgill. 1497) and other  organisms.
Plant-parasitic nematodes are potentially serious pests of  crops that are 
important for human nutrition such as wheat (Johnson cî al.. 2000). beans 
(Saka. 1440) and potato (Gonzalez and Phillips. 1446). Nematodes are a 
major problem worldwide. Many species of  nematodes can infect plants 
but the most damaging ones are those which are highly specialized, with 
limited host ranges. M cioido^ync. root-knot nematode, is one of  the most 
devastating species. Even though a few M cloido^ync  species have a broad 
host range (M. incof’nita  and M. javanica).  most species of M eioido^ync
arc highly specific. For example. Mcloidoi^ync piniis is restricted to Finns 
spp. (Tmdgiii.  IVV7). Like fungal pathogens and insects the most damaging 
species of  nematodes, such as Mcloidoyyfic. exist as more than one race or 
pathotype and have genes for virulence which are matched by genes lor 
resistance in host species (Janssen <7 nl., 199! ).
Plant parasitic nematodes cause an estimated 100 billion dollars (Taylor 
and Sasser. 197S) in crop losses annually worldwide. Phytoparasitie 
nematodes are especially important in the developing nations (Greco and 
Croz/oli .  1995; Doucet and De Doucet. 1997) where crop yields may be 
severely reduced by nematode attack. Nematodes infest the staple crops 
such as com. soybean and rice, l l t e  earth's population depends upon these 
crops as their primary sourees of  food, fiber and economic well-being. 
Many phytoparasitie nematodes can be effectively controlled using 
fumigant and non-fumigant chemical nematicides (Kvans. 1973). The high 
cost of  applying chemical pesticides,  however,  prohibits their widespread 
use on crops around the world, especially in developing nations (Bourne. 
1999). In addition, chemical nematicides may have potentially hazardous 
effects on the environment and humanity causing acute and chronic health
risks through direct exposure, contamination o f  ground water sources, air 
pollution and food residues contaminated by chemicals.
For this reason, alternative strategies for nematode control are sought,  in 
order to combat parasitic nematodes, farmers around the world are 
etfectisely using chemical pesticides.  Howeser .  chemical pesticides 
commonly  used have a dramatic effect on non-target organisms, killing 
natural enemies of  pests and pathogens. Mans pests and pathogens are 
developing resistance to chemical control. Nematode recovery is possible 
after short exposure to concentrations as high as 1 ()()() ppm of  ethoprophos 
(Brown. Id87). , \s  a result, the amount of  pesticides used has to be 
increased forming a vicious circle -  the farmers increase the amount of  
pesticides applied producing more resistant insects and plant-parasitic 
nematodes that will require the application o f  more and more chemieal 
pesticides and. thereby, increase the eost of pest control. Pesticides are 
absorbed by soil and carried away by underwater  flows eontaminating the 
environment (Jones and Baek. 1983). Fumigants sueh as methyl bromide 
reduee the ozone layer and could contribute to the greenhouse effect that is 
affecting the earth 's  weather  (Karliner ct al., 1997). Many of  the chemicals  
that are currently used are under  review by the Environmental Protection
Agency duc u> ihcir toxicity. Additional research is needed to replace 
traditional chemical pesticides w ith safer pesticides.
Biological control represents one of  the alternatives to sol\  e this problem. 
Biological control uses natural enemies  or their products to eliminate a 
target organism. This method plays an important role in assuring a safe and 
affordable food supply for the luture. There  is a need how eser  to identify 
new biocontrol agents. Newer concepts o f  biological control include the 
use of  compounds isolated from \ arious plants and microorganisms 
including bacteria and fungi that inhibit growth and development of pests 
and pathogens. Crude extracts of  these materials are suitable for use in low 
input agricultural systems found in many o f  the developing nations.
Plants are a huge source of active substances that can be used as biological 
agents to control pests and pathogens. Several of  these substances have 
been used successfully to control nematodes  (Bauske ct al., 19d4). Besides 
nematieidal and insecticidal properties, many biopesticides exhibit 
antieareinogenic effects (Mosin ct a!., 1999). l-fforts are under way to 
combat plant parasitic nematodes using biological control agents. Because 
of  the high cost and potential hazards o f  synthetic nematicides, interest in
llic (Jevclopnicnt and production ol safe biological nematicides has 
increased over the last 20 vears (Feldmesser ct a i .  1 VMS).
The long-term goal of  the present study is to understand the mode ol action 
ol active proteins, both the ones that act directl) against pests and the 
proteins involved in biosynthesis ol phytoalexins with nematicidal activity. 
This knowledge will allow us to develop an environmentall)  sale method 
to control parasitic nematodes. The isolation ol novel active proteins v\ill 
allow us to identity the genes responsible lor protein expression. Tlie 
identification ol' required genes will permit us to manipulate and transfer 
the gene into target crops to increase plant resistance to pests and 
pathogens.
Immediate objectives of  this study were to:
•  Examine the effects of  aqueous extracts from Lcspcdczci, Solida^o  and 
Am hrosid,  perennial herbs found in Norman. OK on A/, incoi’tiita 
juveniles  under greenhouse and laboratorx conditions.
•  Test extracts of  the tropical plants M ucuna holdii and Cassia fruticosa 
for trypsin inhibitory and nematicidal activity.
•  Isolate and characterize the molecules with nematieidal activity Irom 
plant extracts.
1.1 Pest Problems
Plant parasitic nematodes and insects are among the most important 
problems in agriculture production, causing 40 ' r  losses in crop yields 
(Cha\ez ,  IVV6). Attack h\ insects and plant parasitic nematodes causes 
wounds which allow the entrance of bacterial, viral, and fungal pathogens 
increasing the loss in yield and producing plants that are commercialls 
unacceptable (Thomas, cr al. IW5b). Pot instance. European com borer. 
Osirinia nuhiUilis (Hiibner). affects production o f  around 200 plants 
including Zca mays  L. (Hedin ci al., 1094). the preferred host, and other 
important crops such as sorghum, cotton, potato, beans, tomato, pepper,  
etc. In the United States, this pest costs farmers more  than I billion dollars 
annuallv in vield loss.
Significant crop losses are also caused by plant parasitic nematodes. Plant 
parasitic' nematodes cause annual crop damage estimated at KM) billion 
dollars worldwide (Sasser and Frcckman. 1987). The  root-knot nematode. 
M eloido^ync  is considered to be the most devastating plant parasitic
nematode, parasitizing more than 300 dillerent crops worldwide. One 
important characteristic of A/(7o/(/(>gv//(' infection is root galling (Taylor 
and Sasser, 1978). These root galls are tumor-like deformations that 
seriously affect roots preventing their normal uptake of water  and nutrients 
from the soil and. thereby, weakening the whole plant. Galls caused by 
root-knot nematodes are different from nodules or tumors caused by 
bacteria as show n in biuure 1.1.
In order  to control nematodes, it is important to understand their 
physiology. For this reason, many scientists are investigating gene 
regulation and gene expression during nematode infection. When feeding, 
the nematode injects esophageal secretions into the plant cell, resulting in 
the development  of  specialized multinucleate feeding cells called giant 
cells (Hussey. 1989). Giant cells act as nutrient sinks creating a permanent 
feeding site for the nematode (Hussey. 1985). These giant cells undergo 
rapid nuclear divisions without cytokinesis,  resulting in multiple,  enlarged, 
lobed nuclei.
A N,-fixing Koot Nodules induced b\ Rhiiohium  
li Crown (iail caused b> .
C Calls  formed b\ M. inco\initu
Fig. 1.1. Comparison of  plant roots infected by nematodes and bacteria.
Farmers use ehemieal nemalieides e t ïeeli \e ly  to control Mcloidoi^ync 
nematodes. Ho\ve\er.  nematodes are developing resistance against these 
chemicals and it is necessary to increase the rates ol' application o( 
nematieides. increasing at the same time the price. Furthermore, these 
kinds of  products contaminate the environment because most of  them are 
not easily biodegradable being a risk for human health ( Arcury and Quandt.  
ivvK). Chionnated naphtiiaienes were tound to cause cirrhosis (Ward ci ciL, 
IW6). and also a rare and fatal disease in persons subjected to occupational 
exposure. Dieldrin. aldrin and endrin are considered to be among the most 
toxic poisonous of  all the synthetic pesticides in the world (Fisher. IdVV).
1.2 Pest Management
Farmers use a wide range of  pest control techniques such as crop rotation, 
pheromones. chemical pesticides,  biological agents and genetically 
engineered plants. Traditional chemical pesticides have failed to provide 
long-term solutions to pest problems. Regulatory organizations such as the 
EPA and USDA are making efforts to replace some chemical pesticides 
such as methyl bromide that are reducing the ozone layer (Karliner a  a i .  
1997). Many others are under  review due to their proven toxicity.
Pheromones are very elïeeiive. but the high cost of  their production make 
them unavailable to most farmers.
A safe and effective alternative is offered by biological control using 
natural enemies and biological products such as secondary metabolites or 
ac t i \e  proteins that can be engineered by means of  plant genetic 
engineering. Potential biological controls include predator) nematode^, 
nematophagous microorganisms, as well as plants with nematicidal or 
nematistatic properties.  In the latter case, it is possible to control nematodes 
by interplanting or rotating the growth o f  plants producing 
nematicidal/nematistatic factors or by appKing residues or extracts of 
plants expressing these factors.
Plants have e \o lved  a broad array o f  defense mechanisms involved in 
disease resistance (Enyedi ci (il., Id92). Several plants and their active 
compounds have been reported with fungicidal (Grace. 1989). bactericidal 
(Shelef. 1980; Huhtanen, 1980; Cuong ct (//.. 1994). insecticidal (Duke 
and DuCellier. 1993) and nematicidal (Jatala ct al., 1995) activity. Some 
plant extracts inhibit hatching o i'M clo u h i’yiw  incofinita (Bhatti. 1988).
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1.3 Prelim inary Results
Jaiala cr al. ( 14V5) reported on the neniatieidal aelix ity ol a number of 
tropical plants from Peru active against root-knot nematode based on 
results o f  a laboratory bioassay. Based on their results, they suggested that 
some of  the plants tested could be used as organic amendments to reduce 
the population o f  parasitic nematodes in the soil. Plant products represent a 
good alternative not only because they could be inexpensive but also they 
mav be safer to the environment.
CHAPTER II : Nematicidal and Insecticidal Natural 
Products and Proteins
2.1 Introduction
Plants contain a variety ol uscl'ul pesticidal factors active against 
nematodes and insects. Because of  their activity against pests, some plants 
are being used as soil amendments with \e ry  good results (Akhtar and 
.Alam. 1990; .Akhtar and ,Alam. 1VV2: Bansode and Kurundkar.  1989; 
Salawu. 1992. Tiyagi ct til.. 1991 ). Secondary metabolites with nematicidal 
activity have been isolated from several plants (See Table 2.2) offering new 
tools to control plant parasitic nematodes. Alternatively, if the active 
compound is a protein, it is possible to transfer the appropriate gene to 
produce this active compound in another crop of  interest by means o f  
genetic engineering. Plant secondary metabolites and plant protease 
inhibitors are especially emphasi/ed as biological control alternatives in 
this chapter.
2.2 Bioactive Secondary Metabolites
Bioactive secondaiy metabolites h a \e  various important roles in plants. 
Many o f  the bioactive compounds are produced as a response to infection
or under stress conditions. Antimicrobial secondary metabolites produced 
by microorganisms are known as antibiotics and antibiotics ot plant origin 
are called phytoalexins. Phytoalexins are small organic molecules that are 
produced by plants in response to pest and pathogen attack. They can also 
be produced when plants are under stress caused by abiotic agents such as 
heavy metals. Phytoalexins can be produced by dv novo  synthesis from a 
distant precursor. The production of  the required phytoalexin from a distant 
precursor usually takes se\era l  steps. Alternatively, the phytoalexin can be 
released from a pre-existing phytoalexin precursor.
There are many reports about plant secondary metabolites,  their 
identification and characterization. Several active secondary metabolites 
have been assayed against insects (Casida and Quistad. 1998) and 
microorganisms (Jawad ct al.. 1985). However,  more work is needed to 
find nematicidal activity. Many secondary metabolites with activity against 
insects and nematodes  have been isolated from microorganisms and they 
have been well characterized. The application o f  secondary metabolites of 
bacterial or fungal origin to control insects and nematodes has been 
successfully applied in pilot experiments under laboratory and greenhouse
1 .1
conditions. However ,  before they can be applied in the field there are still 
major  problems to be solved.
Some secondary metabolites isolated from different microorganisms are 
presented in Table 2.1.
T a b l e .  2.1 Sccondars  Mclabi)l i tcs troin Micruurganisms.  .Active .Against Ncinali)di;s 
and Insects, This table is a n iodi i lea tum nt the original one publ ished b \  Copping
C o m p o u n d  n a m e S o u r c e  .Activity’*' R e f e r e n c e
.A\ ennect ins Siri'iUiiiinn s in i rttiiiilis 1. N Babu id xs
1 et ranact in S ln  [>t(ini\n \ (inrcii.\ 1 Ando f i  ill. 1V7I
.Alanosine Stri’f)t<>ni\i c \  iiliu iinnui lis j M a tsum oto  c/ al. 1VX4
M i lb e m s c m Sirciyiomvi'fs  In uroscufiu us 1 Mishinia IVX.i
.Altemicidin S lrc f i io n m  cs s io u in s is  I 1 akahashi  ct al. 1484
Baf i lomycins S n vp io in w  c.\ sp. 1 Hensens  ci al. 148.1
T e reha /o l in Mil ronuiHDsporu sp. I Takeuchi  ct al. 1458
Decencdioic  acid l^U u m tt is  ocsln 'iiius  1. N Kwok cl al. 1442
* I. insect; N. nem atod e
Secondary metabolites may be isolated by TLC or by HPLC (f igure 2.1 ). 
Some natural products with nematicidal activity isolated from plants are 
shown in Table 2.2.
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PLANT MATERIAL
Extraction with dHzO
HPLC
I
PURE COMPOUND
Fijj. 2 . 1. Sch em e for isolation o f  sceondar> m etabolites from Amhrosia. 
Separation o f  aetivc co m p o u n d s  w as m onitored using the n em atod e  b ioassay  
and analytical TLC.
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T a b l e  2.2.  S c c o n d a r v  M c ia bo l i i cs  wi th  Nen ia t ie ida l  Activity I solated I r o m  Plants .
C o m p o u n d  nam e Source Reference
.Aeaeiasido .\.  and It Aiiu III tuiru iihliimiis Ko\ f t  III IW.l
.\sparagune acid .\\IHinn;n.s nll'n iiuilis TakaMijti ft  ill. 1475
.\trupine Diiiiini siriimiiiiiiini I'hicnhrock and liijloo 1454
Hocconinc Hih i iiiiiii l onlalii Rohde 1472
Cheicrylhrine Him iiniii undiiUi Rohde 1472
C\ Stine Sophom Malstida ft  III. 1 40 1
hiaiis 1 oisulpnuic \llmni siiiniim ■Nath ft ill. i4k:
Pucenol Oi inuini sdiii itiiti C'hattcijcc f t  ill. 1482
l.inolcic acid Iaiiimiiiui incnnis Itadaini and Pali! 1475
.Mcdicarpin lii\• rnit ni iiliwsinu a Stadlci ft  ill. 1444
Nicotine Ihiliint \triinu<niiiin I'hicnhrock and Hijloo 1454
Nimhidin :\:itrdinu'hui indu u Khan 1474
Odotacin. odoratrm Dtipliiif iidiira Munakata 1478
Palmitic acid i 4iu \onui iiicrmi \ it.idaini and Patil p r s
Sanpuinannc Him intui i iirdiilii Rohde 1472
■Scopaiammc Ihitiira Mriininnitiin I'hicnhrock and Itijloo 1454
u-Tcnhicns 1 h u ’ctc', i n  ( 1,1 I'hicnhrock and itijloo 1 454
Thionimonc Aiiirdinu hiii i/idu ii Khan 1474
W.idclcctonc l-.i lipiii itlhii Prasad .ind Rao 1474
ITic host dctcnse response that involve production o f  isoflavonoid 
phytoalexins is initiated by signals called elieitors. These elieitors can be 
cell wall fragments or other agents of  host or  pathogen origin such as fatty 
acids (Koga ct al.. 1998). These agents can initiate the synthesis of 
phytoalexins or phenolic compounds in higher plant tissues. Cooper  and
Rao ( 1^92) reported the biosynthesis ol plant phenolies associated with the 
host responses to physiological stress factors such as light, growth 
regulators, nutritional defieiene\,  wounding and infection with various 
mierooruanisms.
Plants produce secondary metabolites with different activities such as 
lerpenes. tlavonoids, alkaloids, etc. Terpene and its derivatives are an 
important group o f  bioaetive sccondarv metabolites.  Terpenes are dellned 
as naturally oeurring substances made up o f  repeating isoprene (C^Hs) 
units. Several derivatives of  isoprenes such as sesquiterpenes and 
triterjienes are phytoalexins (Fig. 2.2). Terpenes are called isoprenoids 
based on their isoprene precursor. According to Haagcn-Smit  (1948) 
terpenes are classified as follows:
Hemiterpenes 
Monoterpenes C: iHi,
Sesquiterpenes C i' H m
Ditcrpenes C;nFl<:
Triterpenes C»oHis
Polyterpencs ( C 'H n)„ , (n>56)
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F ip u rc  2.2 Plant Terpenoids
IK
Sesquiterpene lactones constitute an important group of terpenes and 
represent one of  the largest classes of  plant products with over 4()00 known 
compounds (Song ct al.. 19d5). This group is of  interest because they 
account for the bitter principles of  various herbal remedies. Many of  these 
are reported to possess antiparasitic activity. The presence of  
sesquiterpenes with potential therapeutic activity was noted from 
observations of  the behavior  of  sick Mahale chimpanzees (Koshimizu ct 
a!.. 1994). Apparently these animals "treat" parasite-related diseases by 
ingesting the pith o f  Vcrnonia aniyi^iialina. Healthy chimpanzees usually 
do not consume the pith of  this plant in their daily diet. After analysis of  
the pith of  this plant Koshimizu found that the pith contained the largest 
amount of  these so-called bitter principles. Subsequently. Koshimizu 
isolated two sesquiterpene lactones, vemodal in  and vemonioside B. from 
the pith. These purified lactones exhibited a variety of activities including 
antiparasitic activity.
Phytoalexins produced after infection o f  the plants by pathogenic 
organisms may also be derived from flavonoids (Bailey and Mansfield, 
1982; Dixon ct a!., 1995). Isollavonoids are commonly released as root 
exudates in members o f  the leguminosae such as soybean, alfalfa, pea and
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chickpea (Grady ct al.. 1995). Picrocarpans such as mcdicarpin and 
glyccoliin are tound in the roots ol Glycine and Mcdicayo. The 
isotlavonoid mcdicarpin has been reported to possess nematicidal activity 
(Stadler ct al.. 1994). Isollavonoids play \arious roles in plants including 
induction of the nodulation process in nitrogen-fi.xing association and 
prevention of pathogen infection (Edwards ct al.. 1995). Flavonoids are 
commonly found in the fomi of O-glycosides in nature. Glycosylation 
makes them less react i \e  and more water soluble, allowing for storage of 
these molecules in the plant vacuole. Approximately 75^1 of  the daid/ein 
and genistein appear to be glycosylated (Kosslak ct al.. 19X7). Over the 
few last years, the production of  active isollavonoids such as medicaqiin is 
being modified by means of molecular biology and biotechnology 
techniques (Dixon ct (//.. 1995).
Besides terpenoids and isol la\onoids . plants also produce phenolic 
compounds in response to insect or nematode attack. Insects and 
nematodes cause wounding of  the host plant. Plant wounds secrete a 
variety of chemicals including phenolic compounds that are recognized by 
some pathogens (Lee ct al.. 1996). The recognition and attachment of 
signal molecules released by the host and the pathogen triggers a series of
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imporianl reactions specific in every resistance response or suseeptible 
plant response.
Ta^i’lt’s has e.xhibiled neinaticidal activity and these active principles were 
attributed to the accumulation ol ihiophenes (Bolhmann ct al.. 1973; 
Sutl'eld. 19S2; Norton a  a!.. 1985; Ketch 1987). Thiophene and its 
derivatives exhibit strong biocidal activity (Uhlenbrock and Bijloo. 1959; 
Chan ct a!.. 1975; A mason ct al.. 1986; Hudson ct al.. 1986). Uhlenbrock 
and Bijloo reported that the nematicidal activity ol Tai^ctc.s was due to 
alpha-terthienyl. However ,  it was suggested that nematicidal compounds 
other than alpha-terthienyl are produced in hairy root cultures ol Tas>ctcs 
induced by A ^rahactcr ium  rhiz(>!^cnc.\ t K \ o  ct al.. 1990).
2.3 Biologically Active Proteins
Plants produce various active proteins as a response to pest and pathogen 
attack such as proteinase inhibitors, hydrolytic enzymes  (e.g. chitinases) 
and phytohemagglutinins.  Most o f  the phytohemagglutinins are 
carbohydrate-containing proteins, while others may contain lipid (Rudiger, 
1998). Most ol them cause clumping o f  red blood cells. Proteases play key
roles in ihe synthesis and degradation of macromoleeules in ever\ li\ ing 
organism and they also pla\ an important role in the control of pests.
2.3.1 Plant Protease Inhibitors
Protease inhibitors play various roles in the synthesis and elimination of' 
cell products (Annis.  1997). Inhibitors also pla> a role in the defense 
against pathogen invasion (Ryan. 1990). The presence of' protease 
inhibitors h a \e  been reported in bacteria (Mahadik ct a i .  1972). yeast 
(Cabib and Parkas. 1971 ). and many higher plants and animals (\ 'ogel  ct 
a i .  1968). Protease inhibitors usually do not clump human red blood cells 
(Jan/en (7 <//.. 1986).
Chen (1998) reviewed the structure and characteristics of' plant t r\ps in 
inhibitors and classified them into seven groups: 1 ) Kunitz serine protease 
inhibitor group; 2) Bow man-B irk serine protease inhibitor group; 3 ) squash 
inhibitor group; 4) ot-amylase trypsin inhibitor group; 5) potato trypsin 
inhibitor group I; 6) potato trypsin inhibitor group II; and 7) Brassica 
trypsin inhibitor group. A short summary of' this classification is presented 
in Table 2.3.
Tablo 2.3 Cla ss i f ica l ion  and  Prope r t i es  ol Plant  l ' r \p s in  Inhibi tors ,
( i P O U p Source  S i /e  [ Da | DisulHde bridges
I Kun i t / inhibi to rs
2. Howman-Birk inhibitors
3. Squash inhibitors
4. a-Amylase  t rypsin inhibitors Grani ineae
5. Potato trypsin inhibitors 1
(). Potato trypsin inhibitors II
7. Brassiea trypsin inhibitors Cruei lerae
Leguminosae  2I.(H)() 
Leguminosae  S.OOO 
C'ueurbitaeeae S.tKK)
I :.()()()
Solanaeeae  4L(HK)
Solanaeeae  23.000
7.000
Trypsin inhibitors have been elassi lled into 7 groups.  This table shows only some ol the 
more relevant eharacterist ies.
.Among llie plant inhibitors. Bowman-Birk tnhibitors (BBI) and Kunitz 
inhibitors are the best eharaeteri/ed. BBls are smalls proteins with 
molecular weights around H.OOO Da and 7 disulphide bridges. BBIs are 
generally acid stable and resist high temperatures (>9() "C) for several 
minutes. They are found mainly in the l .eguminosae such as soybean, 
peanut, etc. The structures of  some BBIs have been determined using X-ray 
crystallography (Suzuki ct al., 1987). A typical structure of  a Bowman- 
Birk trypsin inhibitor and a synthetic analog are shown in Figure 2.3.
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- l 'iu k iü ü ^ C -
Bowman-Birk
Inhibitor
Synthetic
Mini-inhibitor
Fig. 2.3. Structure o f l io w m an - l i i rk  Tr\psin Inhibitor and 
S\ nthclic Inhibitor
Source: hup: u w u . c h . ic.ac.uk Icathcrharrow I T em p la te .htin
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Kunitz inhibitors arc bigger than BBIs (Laskovvski and Kalo, 1980; Tanaka 
ct al.. 1997) having a molecular weight o f  approximately 22,500 Da. These 
inhibitors are potent inhibitors of trypsin but they are readily destroyed by 
heating (Kunitz,  1945). Kunitz isolated for the first t ime inhibitors from 
soybean with the eharacteristies stated a b o \e  and these inhibitors were 
called Kunitz inhibitor in honor of their discoverer. After  many years, the 
primary structure of  soybean Kunitz inhibitor was elucidated by Koide ct 
al. (1973) and its three-dimensional structure was elucidated by Sweet ct 
al. (1974).
2.3.2 Physioloffical Importance o f Protease Inhibitors
Proteolytic enzymes present in the digestive system of  insects and 
nematodes play a \e ry  important role in their nutrition and survival. 
Resistant plants produce many inhibitors of  these proteases.  These 
inhibitors may be expressed eonstitutively in storage organs or 
overexpressed during pathogen attack (Joshi ct al.. 1998; Ryan ct al.. 
1974). The presence of  these inhibitors may repel or deter  attack by insects 
and nematodes. Usually nematodes, insects, and pathogens release 
proteases (Robcr’son ct al.. 1999; Lam ct al.. 2000) that damage the 
structure of  host cells. Some plant inhibitors such as the precursor of  barley
trypsin cc-amylase inhibitor arc synthesized on menibrane-bound 
polysomes (Garcia-Ohnedo ct a l ,  1987). This allows for rapid synthesis of  
inhibitors in response to pathogen infection or insect attack.
Trypsin is a protease commonly  found in insects and nematodes  (Dasgupta 
and Ganguly. 1975; Lam ct a l .  2()()0). High levels of  trypsin-like protease 
acii\  iiy in gut e.xiracis irom Spadoptcra frii^ipcrda  has been reported as 
well as their inactivation by barley trypsin inhibitors (Alfonso ct a l ,  1997). 
The accumulation of  inhibitors started in the wound site caused by insects 
extended to other plant parts. Results o f  some experiments have shown that 
protease inhibitor induction in the tomato reduces the grazing by larvae of  
the armyworm Spodaptcra littoralis after 48 hr mainly on the young leaves. 
Because o f  their ph\ siological importance in digestion, the inhibition of  
trypsin and ehymotrypsin may be useful in the control o f  insects and 
nematodes.
2.4 Plant Genetic Engineering
In the last tw o decades scientists discovered that genes can be exchanged or 
transferred among animals,  plants, bacteria and other organisms by means 
o f  recombinant DNA techniques. Regardless  of  which method is used, the
2h
general process of iransterring DNA from one organism to another is called 
genetic engineering. Almost  any desirable trait found in nature can. in 
principle,  be transferred into any chosen organism using recombinant DNA 
methods.
I"or centuries farmers have used genetic selection of  seeds from plants with 
resistance to pests and pathogens to use in the next year 's crop. Howc'.er.  
this traditional selection process to obtain a plant resistant to major diseases 
may take decades in many cases. Dunng the last decade, the adxances in 
biotechnology and molecular  biology pro\ ide methods to introduce genetic 
modification in a \e ry  short period of  time. These methods include 
microinjection, biolistic processes,  pollen-mediated transformation and the 
so called 'natural " way o f  DNA transfer using bacteria that colonize plants 
(Zambryski.  1^88; Gheysen. 1987). A^rohactvriKni-mcdiiHcd  gene transfer 
has been the method of choice for introducing new economically important 
traits into plants such as insect resistance (Vaeck cl al.. 1987). Petunia and 
tobacco (Miiller ci a!.. 1987) were the first plants to be genetically 
transformed.
C o m  (Bourguct ct a!.. 200Ü). cotton (Sachs ct a!., 1998), sweet potatoes
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(Newell ct a i ,  1995) and other crops have been genetically engineered to 
express a gene Iront Bacillus rliurini>icusis (Bl) that encodes for a protein 
toxic to certain detrimental insects such as Hclioihis  caterpillars. If the 
active compound is a phytoalexin, its manipulation by genetic engineering 
is more complex. A deep knowledge and understanding of  the pathway of 
phytoalexin synthesis is required. Over  the last few decades  many efforts to 
manipulate phytoalexin production have been attempted, i'or the study of  a 
required phytoalexin, it is important to use infected plants that produce 
more phytoalexins as well as the en /ym es  involved in their synthesis 
(Paiva a  al.. 1991) than uninfected plants (Hdwards and Strange. 1991). 
The characteri/.ation o f  enzymes in \olved in the synthetic pathway o f  a 
target phytoalexin is essential. Por instance, enzymes involved in the 
pathway of mcdicarpin have been well characterized (Dewiek and Martin. 
1979) in order to manipulate the synthesis o f  mcdicarpin in some crops.
2.4.1 Importance o f  Plant Genetic Engineering
Plant biotechnology and genetic engineering are revolutionizing 
conventional techniques to improve the quality of  crops. Transgenic plants 
that can tolerate herbicides (Yanchinski, 1995), resist insects (Shelton et 
al., 2(KK)) or viruses (Xu et al., 1998), or produce modified fruit or  Bowers
arc being grown and tested. Copies  ol genes lor these traits h a \ e  been 
t ran si erred to the plants Irom other  unrelated plants,  bacteria or \ iruses. 
C o m  plants that produce an insecticidal protein C r y lA b  (Pilcher ct a i .  
1997) to resist the European corn borer Ostrinia nuhilalis  and tomatoes 
with delayed ripening are examples of transgenic plants available 
commercially.  The bacterium Bacillus thuriniticnsis. commonly known as 
Bt produces proteins that are lethal to certain insects with alkaline digestive 
tracts. Genetic techniques make it possible to isolate the gene that codes  for 
Bt proteins lethal to insects and to transfer the gene into crop plants (Sachs 
ct a i .  1998). Genetic engineering has been used in this way to control 
many of the pests and pathogens that affect important crops around the 
world. However, the expressed protein may affect non-target organisms. 
For example. Monarch bulterll ies were reported to be affected by a Bt 
protein (Cry 1) that was being expressed in pollen of transgenic com 
(Hileman. 1999; Nabhan. 1999).
There is concern about transgenic plants, not without reason, since some 
expressed proteins could affect other  living organisms. It is very important 
to take this fact into consideration and to look for the best and the safest 
a ltemalive for everyone. It is important to look for proteins that could be
used mainly as rcpcllenis to certain target pathogens or used to reduce the 
pest population without selecting tor resistance while minimizing the 
economic impact. Usually, pests and pathogens are naturally controlled 
since pathogenesis is a rare situation and it is not the rule. However, host 
plant resistance can be enhanced by means of  genetic transfer to e.vpress 
protease inhibitors (Pis) that are normally present in legume seeds and 
could be safer than chemical  pesticides for the human health because of  the 
anticarcinogenic properties of  Pis (Calkins and Sloane. 1VV5 ).
2.4.2 Transgenic Plants and Their Potential Use fo r  Mematode Control
Over the last fifty years,  nematodes h a \e  been controlled mainly by the 
application of  chemical  nematieides (Melton. 1VV5). Much research effort 
has been devoted to the development of  new nematieides and new methods 
of  application. In the last few decades it has become possible to transfer 
genes to produce active proteins that affect nematodes by means of  genetic 
engineering.
Defense against nematodes  is a useful property of  some plants which 
allows them to surs ive in nature. Plants defend themselves from nematode 
attack by producing active proteins (Vain et al., 1998) and active secondary
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mclabolitcs (Kimura ct al., 19S1 ) such as phyloalexins. Most phyioalexins 
arc t'ornied by complex biosynthelic pathways involving several enzymatic 
steps. Plants usually h a \e  common precursors I or the synthesis ol dillerent 
phytoalexins. Manipulation ol pathways to produce a required phytoalexin 
b\ molecular techniques may be possible if the rele\ ant genes ean be 
isolated and transferred to the genome of  the desired host.
Another method to control nematodes  is by disrupting their eggs by 
degrading the chitin present in the nematode egg shell (Cohen. IW3).  
Some scientists are looking for genes responsible for the production o f  
chitinase. Tliis enzyme breaks down chitin disrupting the normal 
development of  embryos. The transfer o f  these genes into target plants 
might increase their ability to protect themselves from phytoparasitic 
nematodes.
Inhibitors o f  proteases are very important in plant resistance. Protcascs 
released by nematodes destroy the plant wall and inner membranes  
weakening plant eclls allowing the entrance of  nematode or insect larvae 
with a progressive struetural damage (Rosso ct al., 1996). However, plants 
have evolved their defense system by producing proteasc inhibitors. These
.o
plant protcasc inhibitor genes could be used to increase resistance in 
different crops in a short time by means of  genetic engineering. Protease 
inhibitors h a \e  many useful and interesting characteristics such as small 
size and stability. Besides, the interesting feature o f  having reactive sites 
with hypervariabili ty allows their manipulation for different purposes. The 
hypervariability of  reactixe sites is characteristic o f  protein inhibitors 
w hich retain their actix ity upon replacement of their reactive site residue by 
another residue.
Nematodes  have cysteine proteases (Lilley ct a i .  1996) in their digestive 
system in contrast to mammals,  xvhich do not have these enzymes in their 
guts. Por this reason, the expression o f  cysteine protease inhibitor genes in 
transgenic plants may provide protection against nematode invasion. Urwin 
ct al. (1998) observed that dual proteinase inhibitor constructs enhanced 
plant resistance to nematodes xvhen compared to individual gene 
constructs.  In this case. Urwin fused two distinct proteinase inhibitor genes 
for a cysteine and a serine proteinase inhibitor and expressed them in 
Arahidopsis tlialiana. The combinat ion of  both proteinase inhibitor genes  
showed an additive effect against plant parasitic nematodes. Protease 
inhibitor expression in transgenic plants was obtained in tobacco and these
. x :
transgenic plants showed activity against insects and nematodes (Thomas 
ct al., 1995a).
CHAPTER III : Search for Neniaticidal Natural
Products
3.1 Introduction
Plants such us weeds and tropical plant species are a vast source of 
defense-related molecules,  which include secondary metabolites and active 
proteins. Some weedy species could provide us with an inexpensive source 
of  ac t i \e  substances. Scweral weeds such as T(i;>cics are being used 
successfull) to control nematodes like Mcloidoiiyiic incoynitii 
(Queneherve. 1VVX). There are many reports about plant extracts with 
neniaticidal activity. However,  very few neniaticidal molecules have been 
isolated and identified. There is a need to identify novel bioniolecules with 
neniaticidal activity that may be an alternative for chemical neniaticides 
that are under review by the EPA because o f  their proven toxicity.
When searching for natural products as an alternative to replace expensive 
chemical pesticides, it is important to take into consideration that every 
healthy plant including weeds is a possible source o f  active compounds. 
There are several reports confirming that the presence o f  some weeds 
frequently reduces pest populations (Risch a  al.. 1983). The greater the 
diversity o f  plants, the greater the possibility o f  finding novel molecules
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with pcsiicidal activity. Biodiversity seems to be an important factor when 
searching for novel natural products (Shuler.  1994). The greater the 
complexity of  the biological community, the greater is its stability. The 
importance of  biodiversity can be represented in a pyramid. Baker and 
Cook ( 1974) made a good eomparison of  the stability of one organism as a 
pyramid balanced on its apex. In contrast, a complex association has 
greater stability resembling the pyramid resting on its base.
Biological control is playing an important role in providing a safe and 
affordable food supply for the future. During the last 21) years, interest in 
the development  and production of economical,  biodegradable neniaticides 
has increased enormously (Duke. 1990). As an economical alternatise 
many farmers are using different plants not only against nematodes  but also 
against other pests and pathogens ( Flint. 1988; Benner. 1993).
In our  study we determined the effectiveness of  extracts o f  several plants 
native to Oklahoma against the root-knot nematode Mcloido\’\n c  incof^niia. 
Plants were chosen based on their healthy appearance. Experiments were 
conducted under laboratory and greenhouse conditions to demostrate the 
effect o\' Am brosia psilostacliya. Solidafio missouricnsis, U ’spedcza stiievci
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and T a r d e s  patiiUi extracts against M. incognita  juveniles.  The first part ol 
this research focused on the evaluation o f  aqueous extracts from the plants 
mentioned above.
Anihrosiu psilostcichya is known as western ragweed. Am brosia  is a coarse, 
unattraetive annual herb. The leaves are \e ry  dissected and the (lowers are 
green and inconspieuous. A poultice of  the crushed plant has been used to 
treat poison sumac symptoms. It has been used to treat gonorrhea, diarrhea 
and other intestinal disturbances. In Mexico, it is believed to be useful for 
treating intestinal worms and reducing fever (Block ct al.. 1994).
Prairie goldenrod. .Vo/ùA/gr» imssoia icusis ( Asteraceae). is a common 
perennial herb found on road-sides and in abandoned fields throughout the 
United States. A related species. Solidai^o alrissinia is atiaeked by about 
one hundred species ol' insect hervibores.  many of  which are quite eommon 
(Maddox and Root. 1987; 1990). Extracts o f  this species are active against 
many organisms (Bosio. 1990). Many North American goldenrods have 
long been used for teas, foods, and medicines by the Amerindians. 
Although Prairie goldenrod (Soiulaiio m issouricnsis)  is not mentioned in
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this regard, most likely this species exhibits some of  these useful 
properties.
U ’siifJczci is a perennial herb that can be infected by the soybean cyst 
nematode. Ilctvrodcra  g/vc/z/o (Kim. IVKV) and other plant parasitic 
nematodes. In a fonner  study (Bernard. 1997). Lespcdczn  (bush clo\er)  
was a susceptible host and was infected by Mcloidof^ync trifoliophilci.
Besides the mentioned above activities, we did not find scientific reports 
about the acti\ ity o\' Solidayo. Lcspcdcza  and Am brosia  against nematodes. 
In our study of natural products,  we used T a r d e s  as a positive control 
because o f  its well known activity against M cloidoyyne  (Akhtar
and A lam. 1990: Kyo cr al.. 1990). The experiment of  adding plant extracts 
to tomato seedlings infected with nematodes confirmed that the presence of 
plant extracts may lead to a reduction in infection and gall formation when 
added as a soil ammendment.
yj
3.2 Materials and Methods
U \ ini> Maicrial:
•  Ncmalodcs: Second stage A/, incoi^tiitu ( juveniles). Nematodes were 
mantained on tomato plants under greenhouse conditions.
• Seeds: Rutgers tomato har\es(ed on 1 l / ld /92 .
•  P l - t n t i , -  I ' / i <■ ( I- K n l i t l t u m  » » ) / i / v ( m i l d r n  r f w l l '
Atnhrosia psilostacliyci (western ragweed): and Ix'spedcza stucvci (bush 
clover) were colleeted from roadsides in the Norman, OK area during 
the fall of  1995 (September and October). Tdycic.s ptuiila (marigold) 
was provided by the University of Oklahoma greenhouse.
Other Material:
Peter's ferti li /er 15:16:17 (N:P:K) was purchased from Horticultural 
Products Company. Grace-Sierra. Milpitas. Dialysis membranes 
M W CO  3500 were from Spectra/Por. Twenty-four  well microtiter 
plates for nematode bioassays were obtained from Becton Dickinson & 
Company. Sparks. Maryland 21152.
Tw o types o f  experiments  were carried out to observe the effect o f  plant 
extracts on Meloida\>yt\e. One experiment was carried out under
greenhouse conditions where tomato seedlings were inoculated with 
nematodes and treated with plant extracts. A second experiment was 
performed under laboratory conditions where nematode juveniles were 
exposed directly to plant extracts and observed under the stereoscope for 
three da vs.
3.2.1 G reenhouse  E xperim ents
.^.2.1.1 Growth oj Tomato Sccclliniis:
The seeds o f  a root-knot nematode susceptible tomato {Lycopcrsicon  
csculcntum) cultivar Rutgers were sown in a tray with sterile soil in the 
greenhouse. One week after sow ing the batch o f  seeds. 30 seedlings were 
transplanted, one per 15-cm pot. Tomato plants were lertilized with a 
solution o f  15-10-17 (N:P:K) once a week. Plants were grown under 
greenhouse conditions with 10 h supplemental lighting.
3.2.1.2 Nem atode Culture:
Nematodes were maintained on tomato plants under  greenhouse conditions. 
The second stage juveniles o f  M. incof>nita were obtained from the egg 
masses attached to the tomato roots. For optimal nematode hatching, the
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egg masses were plaeed in 2-em deep chlorine-t'ree water  considering that 
onl\  about 2 0 ‘ ( ol the eggs extracted with NaOCl yield inl'eetive ju \  eniles 
(Hussey and Barker. 1973) and hatched. The juveniles were separated from 
egg impurities and washed using the Baernian method (Townshend,  1963). 
The latter consists of  placing egg masses in a funnel covered by a tissue 
paper filled with water. Nematode juveniles pass through the tissue paper 
and are collected in a container  placed under the funnel, while impurities 
remain on the paper. After collecting juveniles, they were counted under 
the stereoscope to determine the concentration o f  nematodes, l l t e se  
infective Juveniles were used in the laboratory bioassay and in the 
greenhouse experiments.
3.2.1.3. Preparation o f  Plant Extracts:
Plant samples oi' Atnhrosia, Solida^o  and Lcspcdcza  were collected during 
the fall along roadside areas of  Norman. OK. Stems and roots were 
discarded and only leaves were used to prepare plant extracts. Plant 
material was air dried for 3-5 days. Dried plant leaves were ground in a 
portable Wiley Mill to pass through a 20 mesh screen. A total of  50 grams 
of  each plant material was suspended in 500 ml o f  distilled water  and 
allowed to seep in the refrigerator at 4 “C for 24 hr. The  aqueous extracts
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were tillered through Whatman No. 4 MM tiller paper.  After tiltration, the 
e.xtracts were centrifuged at 5.000 g for 10 minutes using a Sorvall SS-34 
rotor. The supernatant tluid from each extract was concentrated 
approximately tlve fold using dialysis membranes (.MWCO 3500) exposed 
to a continuous air 11 ow for 24 hr. Concentrated extracts were kept at 4 “C. 
These plant extracts were used in the next step (inoculation of  seedlings).
3 .2 .1.4. huH'ulaiion of Scccllins^s :
One-week-old tomato seedlings (Lycopcrsicon csculcntum  cv. Rutgers) 
were transplanted to indi\ idual 15-cm clay pots. After two weeks 20 ml of  
concentrated plant extract from Ambrosia, Taitctcs, Solidaj^o. or lu'spcdcza  
were added to the pots with the tomato seedlings. Tw o hours after each 
concentrated plant extract was added to the soil mix. I ml oi Mcloidoiiync  
incoitnita suspension containing approximately 300 juveniles/ml was added 
to each pot. Tomato plants inoculated only with nematodes and tomato 
plants without plant extract and without nematodes  were used as positive 
and negative controls. Five replicates of  each treatment were included 
(Figure 3.1). Tomato plants were watered daily with distilled water and 
were fertilized with Peter 's  fertilizer N:P:K (15:16:17) once a week. The 
tomato plants were harvested 8 weeks after inoculation. The top from each
plant was removed using pruning shears and the fresh weight  o f  each shoot 
was recorded for each treatment.  After the roots were cleaned o f  adhering 
soil, the roots were blotted with tissue paper to r e m o \e  excess water and 
the fresh weights o f  each replicate o f  each treatment were recorded. 
I'inally, the number  o f  galls were counted and recorded. The galling index 
used is described in Table 3.1
Table 3.1. Galling Index for M c lo id o ^  nc  spp.
( i i i l l ing  In dex  %  of  tutul  ro ot
sys tem gulled
0 0
1 1 0
:  20
.10
4 40
5 50
6 60
7 70
8 80
0 00
10 100
The lev el o f  root gall ing found on eaeh root sys tem was  rated 
according to Barker ( P>78).
42
Fig. 3.1. I-Apcrimcntal ircalmcnls o f  ncmalodc-infcclctl  
lomato seedlings. IManls were treated with 20 ml o f  
/.c.spcJc:a. Solic/usio, and Am brosia  extracts.
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3.2.2 Experimental Design fo r  in vitro Nematode Assays'.
The clTcci of  plant extracts was tested against plant nematodes  under 
laboratory conditions. The in vitro nematode assay was carried out by 
placing juveniles o\' Mcloidof^yne incof^niia or Cacnorliahditis d e d a n s  in a 
microtitre plate containing different dilutions of plant extracts as described 
below. Nematodes were observed under the stereoscope I'or three days. 
Nematistatic and neniaticidal acti\ ity were determined for each extract. For 
the latter, the lluid surrounding the nematodes  was carefully rem o \e d  with 
a Pasteur pipet and the nematodes  were washed f i\e  times for 1 hr with 
distilled water to remove the plant extracts. Nematode sur\ i\ al was 
measured before and after remcn al o f  the extracts and reported as percent 
survival of the nematodes. If nematodes resumed their movement after 
eliminating plant extracts the activity was considered to be nematistatic.
The fomiula to calculate neniaticidal or nematistatic effect used was:
Nd
‘ i N c n i aU K i c  n u ) r t a l i t \  = ..............  \  1(K)
Nl
Nd refers to the number  of  dead nematodes  and Nt is the total number of 
nematodes per well.
3.2.2.1 Mcloidoi>ync Bioassay:
Aliquots of 100 pi of  distil led water containing 50 juvenile nematodes  were 
transferred to a FA LCO N  24-wcll tissue culture plate. Dried extracts of
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AmbrosicL Solulai^i). 7'üf^ctcs or U'spcdcza  were suspended in distilled 
water. Water and extract were added to eaeh well to give concentrations ol 
5. 10. and of 25 mg/nil in a final volume o f  500 pi per well. The number of 
nematodes that were alive was recorded at the beginning of  the experiment. 
Nematodes were observed under the stereoscope after 24. 48. and 72 hr and 
neniaticidal and nematistatic effects were calculated as described abo\e  
according to Jatala ct al. (1095). nematode suspension without plant 
extract was used as a control.
3.2.2.2 Effect o f  E.xtracts of Anihrosia on M. incognita and  C. clcitans 
The Hxtract o\' Andyrosia |bO mg/ml | was treated with Escherichia coli to 
see if neniaticidal compounds  present in the plant extract could be 
inactivated by bacteria upon w hich C. clcitctns feed. The effect oi' Anihrosia 
extract treated with bacteria on M. incognita  and on C. clci>ans was tested 
as follows. One milliliter o f  plant extract was inoculated with 50 pi of 
bacterial suspension prepared as follows one colony of  bacteria used to 
feed C. dedans  was resuspended in 50 pi o f  distilled water. Tlie mixture 
containing extract and bacteria was incubated overnight at 25 °C with 
shaking. The next day the extract was transferred into an Eppcndorf  tube 
and centrifuged for 2 min. in a microcentrifuge. The supernatant tluid was
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translerred to another Eppendorl’ tube and plaeed in a boiling water  for 4 
min. to kill bacteria. This supernatant o f  the Anihrosia  extract was used for 
the bioassay. Approximately 200 nematodes of  M. incognita and o f  C. 
cicjians were plaeed in eaeh well of  a mierotitre plate and Anihrosia  extract 
was added to a final concentration of  30 mg/ml in a volume of  300 pi per 
well. A7. incoj’iiita and C. clci^ans were observed after 24 and 4S hr. and 
neniaticidal and nematistatic effect was calculated as described in 3.2.2.
3.3 Results and Discussion
Plants species were collected in Norman. OK based on their vigorous 
growth. The effects of  aqueous extracts o\' Anihrosia. Lespcdvza, Solidaizo. 
and T a rd e s  on A/, inco^niia  nematodes was evaluated in vivo, under 
greenhouse conditions where the root-galling caused by nematodes in 
tomato plants was evaluated. In parallel, the effects of  plant extracts on 
nematodes was also evaluated in vitro, where juveniles were exposed to 
plant extracts in mierotitre plates and their mortality was recorded as 
described previously. Plant extracts before and after dialysis were used in 
preliminary laboratory experiments.  All plant extracts lost their activity 
after dialysis suggesting the presence o f  active secondary metabolites.  
Results obtained under greenhouse and under laboratory conditions were
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positively corrclutcü. Solulaj^o unci Ta^ctcs  exhibited nematistatic activity 
and only Anihrosia showed neniaticidal acti\ ity. Details ol results are given 
in the next sections.
3.3.1 Greenhouse Experiments
The extent ol Meloiüof’ync incoyniia  infection may he measured by 
observing the relative extent to which the roots are galled. Barker ( 1978. 
1981 ) proposed a rating scale to measure nematode infection based on root- 
galling. This galling index is useful in the evaluation of  nematicide ef ilcacy 
and to correlate estimates o f  yield losses with the extent of  nematode 
infection. Yield losses increase linearlv as the root nail index increases.
The purpose of  this experiment was to evaluate the effect of  plant extracts 
of  Anihrosia. Solidaao. 'f'ayercs and Lespcdeza  on root galling o f  tomato 
plants infected with A/, incot^niia under greenhouse conditions. Tomato  
plants were grown in pots to which plant extracts were applied. Positive 
and negative controls were included and each treatment was replicated live 
times. Results of  these studies are presented in Table 3.2 . Shoot dry 
weights were not affected by inoculation with nematodes or by the addition 
of  extracts.  In contrast, root dry weights were reduced in plants inoculated
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with M. incoaniia larvae by approximately 2 5 9  when compared to non- 
infeeted control plants. In inlected plants treated w ith any ot the three plant 
extracts, exposure to the extracts had little effect on shoot or  root growth 
when eompared to the plants infected w ith nematodes alone.
T a b l e  3.2. l-ffccl ol Plant E.xtracts on T om ato  Plants Inlcctcd with Nematodes ,
S A M P L E  S te m
WeiR h t  1 R 
R(M)t sy s tem
1
W h o l e  p l a n t Nil of  (Jails S td .  Dev.
Control 4V IP ()b 0 -
,-\. psilosldclixd  4P 12 bl 1 1 S
L  sliicvci 5 1 12 b.3 20P b4
S. n itssotdii ttMs 5P 13 71 52 23
[ H i t u U i  5b 12 bX 1 IP 41
Only nematode 52 15 bX 274 27
All values are the mean o f  l ive replicas per  plant.  Each pot was inoculated  with 
approximate ly .100 juveni les  ol M. inm iitu ta .  Std. De \  is the standard devia t ion in the 
number  o f  galls per plant.  Control  was not inoculated.
Gall formation on the other hand was dramatically affected by the 
application of  the plant extracts (Table 3.2. .3.3). Addition o f  extracts of 
U ’spedeza to the soil o f  inoculated plants reduced gall formation slightly. 
Application ot extracts o f  Taficies to the soil decreased gall tbimation by
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579f (Tcii’dc.s  is noi shown in ihc Figure 3.2) when eompared to plants 
infeeted with nematodes w ithout plant extracts (Table 3.2).
Table 3.3 . Gall ini:  Index I’ianls Treated w ith DiHerent  Plant l: \traets
SAM PLK (lu lling index
Control 0
Ambrosia psilostachya  1
l.csju‘dc:a siucvci 1
Solidayo missoaricnsis  1
I 'a y d c s  patula  4
Onlv nematodes 10
The most elTeetive extract was the one from Am brosia , I'ollowed by the 
extract oi" Soliciayo (Figure 3.2). Soliclayo and Am brosia  extracts reduced 
gall formation by SCT and % ‘ f . respectively. These results were consistent 
with results o f  e.v sim  bioassays. Analysis using the root-galling index 
yielded similar results. These results suggest that these plants, especially 
Ambrosia. Solidai>o and T a r d e s  contain low molecular weight 
compound(s)  that exhibit a ncmatoxic effect on M. incofinita.
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Fit*. 3.2. LtYcct of  plant ext racts on root gall tbrniation.  Crude aqueous  
extracts  (20 ml) o f  LcspaU'za  (Lesp ). SoliJuf^o  (Sol.)  and Anihrosia  (Amb.)  
were  appl ied to tomato plants grown in pots  in the greenhouse.  All plants were 
inoculated  with approximately 300 nematodes ,  h ive  replicates were included 
per  t reatment.  The number o f  galls per  plant was measured after two months.  
The er ror  bars represent the s tandard deviat ion.
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3.3.2 Laboratory Experiments
Extracts o f  Lcspcdcza  inhibited nematode motility tor a short period o f  
t ime but nematodes  resumed their activity even in tiie presence of  the plant 
extract. Solidaiio  extract exerted a nematistatic effect and all nematodes 
resumed their activity only alter removal o f  the plant extract. Only 
Anihrosia  extract exerted a neniaticidal effect on A/, incoi^niia. One 
hundred percent of  the nematodes  were dead after exposure to Anihrosia  
extracts at concentrations of  20 mg/ml. Nematodes did not reco \e r  even 
after washing 5 times w ith distilled water. The apparent mortalities of  M. 
incojznita Juveniles exposed to the three plant extracts are presented in Fig.
3.3. The nematode bodies straightened and lacked m o\em en t  which 
suggested that the Anihrosia, Tai^cics and Solidajzo extract may h a \e  a 
lethal effect on the worms. Apparent mortality increased with increasing 
concentrations o f  the three cited plant extracts after 72 hr. All four plant 
extracts inhibited nematode motility 48 hr after inoculation. Exposure o f  A/. 
iiico^niki to the highest concentration (25 mg/m!) of  Solidai^o extract for 
72 hr. paralyzed 100 of  the nematodes. Under the same conditions, 
extracts o f  Taip'ics paralyzed 8997 of  the nematodes (not shown in the 
Figure).
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I ig. 3.J. 1 iTcct ol' plant ext rac ts  on nem atode s  in b ioassa \  The apparent  
niortaiit> o l ' nematodes  al ter  24. 4S and 72 hr extxisure tô plant  ext racts 
The concentrat ion ol each ext ract  used in the l lnal  h ioassay was  25 my ol' 
dried ext ract  ml ApnroximateK 80 A/, i ihni^niiu  |u \ en i l e s  were  used per 
well Percent  ol p a r a lw ed  nem atod es  were co u n ted  as apparen t  mortalit>
To determine whether the extracts were truly nematicidal or  merely 
nemastatic.  the extracts were removed and the worms were washed live 
times with distilled water. Alter w ashing nematodes exposed to extracts ol 
Solidii^o  and 7uec/f,v. all the individuals resumed normal movement at all 
concentrations suggesting that extracts of  Solichn’o and Tai^ctcs exerted a 
nematistatic effect on M. ifuoi^iuta. The effects of  the highest 
concentrations o f  extracts of  Lcspcdcza  were substantially different. 
Nematodes treated with 25 mg/ml o f  U'spcdczii extracts appeared dead 
after exposure to the extract for 24 hr. These worms remained inactive at 
48 hr after inoculation but resumed activity at 72 hr. Nematodes exposed to 
lower concentrations of  the Lcspcdcza  extracts resumed their movement 
after 24 hr. These observations suggest that the effector molecule(s) in the 
Lcspcdcza  extracts was either not stable or was metabolized. All the plant 
extracts lost their activity after dialysis (data not shown) using membranes  
with a molecular weieht cut-off o f  3.500 Daltons.
In order to have an idea of  the toxicity of  Anihrosia extract on free-living 
soil nematodes or other non-target organisms we decided to test the extract 
on C. clcf>ans. a free-living bacterial-feeding nematode. Many studies o f  C. 
clcf>ans have been done. Its life cycle is very short and can be cultured in
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vitro to provide a good model for higher animals.  C  d e d a n s  usually feed 
on Escherichia coli which could inactivate the acti\ e principle oi' Anihrosia 
extract. So. bacteria that are a food source for C. d e d a n s  were mixed with 
Anihrosia  extract and incubated overnight. After incubating overnight, 
bacteria were inactivated by placing the plant extract in boiling water for 
several minutes and then were discarded by centrifuging the extract at 
14.()()0 rpm for 5 min. in a microcentrifuge. The effect of  bactcria-treated 
Anihrosia  extract on M. incoi^nita and C. d e d a n s  was tested and the extract 
was found to have a good nematicidal activity. This result suggested that 
these bacteria did not inactivate the active compounds  present in the plant 
extract. The activity remained the same after the bacterial treatment and 
after boiling the extract for 4 minutes (Figure 3.4). The percentage of 
mortality for McUndo^ync  was 71 Ec and 42 for C. d e d a n s  when a 30 
mg/ml coneentration of  Anihrosia  extract was used. This \a r iance of 
mortality in M. incognita  when compared to assays with untreated extract 
may be due to the different number  of  nematodes used in both assays. 
Results suggest that the active material(s) arc most likely low molecular 
weight secondary metabolites.  Tlte mortality o f  C. d e d a n s  was less than 
the mortality of  M. incoaniia  at the same concentration of  the plant extract.
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Fij>. 3.4. EtTect o f  Anihrosia  extract  on C acnorluihJilis  c /c ^ a n s  and 
S tc lo iJo ^ v n c  inco^n ifa .  Treatments :  A. non-boiled; B. boi led for 4 min 
A coneentra t ion  o f  30 m g  ml was used for each sa m p le  and 200 
nematode s  were  used per  well.  There  were three replicates  per 
t reatment.  Th e n u m b er  o f  dead nematodes  w as recorded af ter  4K h. The 
bars represent  the s tandard deviation.
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C O N C LU SIO N S
SoliJa^d  and Anihrosia  reduced gall formation hy and Vôff on tomato 
roots inoculated with A/. incoi>nit(i. These results were positively correlated 
with bioassays in the laboratory. Anihrosia  caused 9 Ur nematode mortality 
while Soiidaj^o caused 89^1 nematistatic effect under laboratory conditions. 
Lrspvdcza  showed a temporary nematistatic effect (24 - 48h). Tliis suggests 
that the active agent was either not stable or was metabolized. Nematodes 
resumed their activity only after removal of  the plant e.xtract. Only 
Anihrosia exhibited nematicidal activity. The activity o f  Anihrosia caused 
7 2 ' f M. incoiinita  mortality after treating with bacteria and this extract 
remained the same alter boiling the extract for several minutes. The 
nematicidal acti\ ity was lost after dialysis suggesting the presence of  
secondarv metabolites.
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CHAPTER IV: Isolation and Characterization of 
Secondary Metabolites from Ambrosia psilostachya
4.1 Introduction:
Hxlracts o\' S()liJ(i!>o. Li spcJi’za, 'rm>ctcs and Ambrosia  all showed aciix iiy 
against rool-knot nematodes. However,  only Ambrosia  extracts exhibited a 
nematieidal effect. There are several reports about nematistatie principles 
found in Composi tae (Prakash and Rao. IWb) but there is none for 
Ambrosiit. The name Ambrosia  is deri\  ed from the Latin term for " food of 
the gods “ or " immortal ” (Boulos ci a i ,  1 VV4l. The name " immortal " is 
very fitting because attempts to eradicate this plant have met with little 
success. The medicinal properties o f  this plant are atributted to the bitter 
substance sesquiterpene lactone. Sesquiterpene lactones are characteristic 
constituents o f  the Compositae and they are associated with anti-tumor, 
anti-microbial, allergenic and phytotoxic activity (Rodrigue/,  ct a i ,  1976). 
Ambrosia was reported to eause allergic contact demiatitis (Mitchell. 1971 ) 
in some people. However, tea prepared with .Ambrosia is still used to treat 
gonorrhea, diarrhea and other intestinal disturbances. In Mexico, extracts of  
Ambrosia  are used to treat intestinal worms and to reduce fever (Block vt 
a i ,  1994). In Lgvpt, the infusion o\' Ambrosia maritima  is used to expel
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renal stones (Boulos ct al., IVV4: Salam ct uL. 1984). The isolation, 
identification and charaeteri/.ation of  active compounds with nematieidal 
activity from aqueous extracts o\' Amhrosia psilostachya  ( f igure  4.1) are 
presented in this chapter.
4.2 Materials and Methods :
Analytical and preparative TLC plates with lluorescent indicator and 
organic solvents such as acetone. HPLC-grade methanol,  chloroform and 
dichloromethane were obtained from Fisher Scientific (1801 Gatewav 
Blvd. Richardson. Dallas. TX 75080-3750). Hy-Soy powder  was purchased 
from Quest International (Sheffield Products. P.O. Box 030. Norwich. New 
York 13815) and yeast extract was Irom Dilco (Lincoln Park. New Jersey 
07035). L'-bottom LLISA plates for agglutination assays were purchased 
Irom Beeton Dickinson & Company. 2 Bridgewater Lane. Lincoln Park. 
New Jersey 07035.  Human, rabbit and porcine red blood cells were 
purchased from Sigma. Chemical Co.. St. Louis. MO.
4.2.1 Nematode Culture
Nematodes M cioido^ync incognita  was maintained under  greenhouse 
conditions on tomato {Lycopcrsicon esculcntum  cv. Rutgers) plants.
0m
Kig. 4.1 Photograph o\' Anihro.sia /).\il<).\tiuhya. This plant  was col lected 
in N orm an .  O K .  Secondary metabol i tes  with nematieidal  ac ti \ i ty  against  
\fcloiJt>y\ nc incoyn iu i  were  isolated Irom dried l e a \ e s  ol this plant.
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ligg masses ol' M. uicoy,niiu were picked from infected tomato roots and 
placed in a Petri dish with distilled water. After two or three days, second- 
stage juveniles (J2) of  A/, incoi^niid were obtained from these egg masses. 
Juveniles were transferred to a small beaker with a Pasteur pi pet. C. 
(7(’gu/i.v nematodes were cultured in a bacterial-free medium according to 
Tomlinson ( IV62). Bacterial-free cultures were made according to flocker 
(IVV7) and stored at 40  "C. The composition and preparation o f  the 
culture medium is described herein.
The medium was prepared by mixing I part of  heated liver extract (HLI:) 
and V parts of  autoclaved UySoy-Yeast Hxtract t l iS-VT).  HLT was lllter- 
steril i /ed before adding to the media. HS-YP: Composed of 40 g of  Hy- 
Soy Powder and 10 g of yeast extract per liter of deioni /ed  water. HLT: 
(Heated Liver Lxtract): One to two pounds of frozen beef l i \er  was 
purchased from a local market. The liver was thawed and rinsed w ith water 
then cut into I inch squares and drained. The liver was  stored at 4 "C for 
approximately 24 hr so auto-lysis could take place. Liver was placed in an 
equal volume of  water and homogenized in a blender until all of  the large 
clumps had been disrupted. The homogenaie was filtered through two 
layers o f  Miraclolh and held on ice until all of  the liver had been processed.
()(i
The homogenaie (600 ml) was placed into a one-liter beaker and heated in 
a 60 “C water hath to a final temperature between 52-?3 "'C. The extract 
was maintained at this temperature for 6 min. The beaker containing the 
heated extract was then placed into ice-water until all of  the l i \er  
homogenaie was prepared. The homogenaie  was placed into screw capped 
centrifuge tubes and centrifuged at 37.000 to 3d.000 g for 30 min. The 
supernatant was collected and 111 te red through two layers of  Miraeloth. The 
extract was prellltered through a VO mm, I micron Gel man Science 61664 
type A/l: glass fiber in a Buchner vacuum filter apparatus. Subsequently, 
the filtrate was fil ter-sterili /ed using a Nalgene 125-0045 sterilization filter 
unit.
4.2.2 Thin Ixiyer Chromatography (TLC)
The plant extract preparation is described in 3 .2 .1.3 section. The plant 
extract from Am brosia  was lyophilized and re suspended in methanol at a 
final concentration o f  400 mg/ml. This sample was used for analytical and 
preparative separations.
hi
4.2.2.1 Detection o f  active conipoiinds by analytical TLC  
Scpuralion of  active compounds  was perlonned using 3 cm \  7 cm 
analytical TLC plates (Lisher Scientific. Cat. No. 05-713-162). The solvent 
system used was acetone: methanol: chlorol'orm ( 3:4:91; v/v/v ). Organic 
compounds were detected using Idehermann reagent composed ol acetic 
anhydride: ethanol: sulphuric acid l (C H iC 0 ) :0 :  ChLCHjOH: H^SO, 
( 1:8 :1 ; \ /v/vi | .  The preparation o f  the Liebermann spray must be done w ith 
caution especially when mixing H>SOjand LtOl l. Liebermann reagent was 
prepared in an extraction chamber. A beaker containing the ethanol was 
placed in an ice bath w hile H jSO;  was added very carefully drop by drop 
with stirrinu.
.After chromatographic separation, plates were sprayed with Liebermann 
reagent and heated with a hair dryer for two min. or until the spots were 
revealed. After heating the stained compounds were observed under long 
(365 nm) and short wavelencth (254 nm) I  V licht.
4.2.2.2 Separation o f  active molecules by preparative TLC  
Lyophilized aqueous extract (3 g) from Ambrosia  was resuspended in 15 
ml of  methanol : ethanol ( 1:1; v/v ) overnight. The supernatant was
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oviiporalcd. weighed and resuspended in 500 pi ol' ineihanol. This exirael 
was used lor TLC separation. Preparative TLC silica gel plates. RP- ISW. 
20 \20  cm. 2000 p m  with Huoresccnt indicator (l-'isher Scientific. Cat. No. 
M5717-7) were used. The plates were de \e loped  in a standard chamber 
with ace t o ne - c h I o ro I o rm - me t h a no I (3:01:4; \7 \ / \ ) .  Alter chromatograph) . 
plates were air dried and obser \ed  under L’V (at 254 nm and at 365 nm) 
light. The silica containing each fraction was scraped off  the plate, 
pulverized and resuspended over night in 40 ml of methanol : chloroform 
(1:1; v /v). After filtration through a Whatman N... 1 filter, the solvent was 
evaporated in a rotar) evaporator.  The sediment from each fraction was 
rcsLispended in a minimal volume of  methanol (500 pi) and an aliquot was 
used for analytical TL C Pure active compounds were anal)zed to 
determine their structure. Sesquiterpene lactones appeared as brown spots 
under short wavelength light. In analytical TLC they were visualized using 
the Liebermann spray reagent. The structures of the isolated molecules 
were elucidated by NM R. COSY, and by M A LD l-TO F laser mass 
spectrometry.
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4.2.3 Separation o f  Active Molecules by HPLC
Compoiicnis in the Am hrosia  cxiracls were separated hy HPL.C on a 10 
ODS. 250 X 10 inm column (Phenomenex:Prodigy. 2320 W. 205“' St. 
Torrance. Calil 'omia 00501). A guard column containing the same resin 
was placed in Iront of  the main column. Act i \e  compounds prepurilied by 
TI C were (lisv.(ilve(l in melhnnni tn ;t final C'Tieentratinn n( 2 > nio/nil and 
50 pi was loaded onto the HPLC column. Active compounds were eluted 
with a stepwise gradient of  water and methanol as follows:
Tim e (min] Flow rate Tim e duration Cf H:0 M eOH
0 6 0.5 80 20
0.5 7 30 65 35
30.5 5 3.5 80 20
Eluted fractions of  10 ml each were mixed with 10 volumes of  pure 
methanol and dried using a rotary e \  aporator. One milligram of  each HPLC 
separated compound was taken and resuspended in 100 pi of  pure methanol 
for TLC analysis. Three milligrams of  each separated compound was 
resuspended in 150 pi o f  distilled water for nematode assay. Aliquots o f  50 
pi o f  distilled water containing 50 juveniles of  A/, incognita were placed on 
a (Tat-bottom ELISA plate and 50 pi o f  each compound was added per well
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ic) a final concentration ol 10 mg/ml. Three replicates per sample were 
prepared. Nematodes were obsersed alter 24. 48 and 72 hr under the 
stereoniicroscope. Living and dead nematodes were counted and recorded. 
Active fractions were analyzed by TLC on silica analytical plates (3x7 cm) 
and isolated compounds were detected by heating the plate alter spraying ii 
w ith Liebermann reaeent.
4.2.4 ,\'MR Analysis o f  Isolated Secondary Metabolites
Isolated compounds were resuspended in HPLC-grade methanol and 
subjected to anaKlical TLC before NMR analysis. All ID and 2D-NMR 
spectra were measured on a Varian VXR.300 spectrometer.  Methanol d; 
was used as a solvent and chemical reference. Proton ‘H and carbon C 
spectra were analyzed.
4.2.5 Nematode Respiration Assay
Respiration is an important physiological parameter in the life of  all living 
organisms. Nematode respiration rate may be affected as a consequence of  
the inhibitory activity of  nematoxic compounds. Tlie purpose o f  this 
experiment was to observe the effect of  the nematieidal compound 
parthenin isolated from Am hrosia  on the respiration rate of  nematodes
(i5
Mcloido^ytic iiicoj^niiu and C. clci>(in\. Ncmalodc respiration was 
measured using an oxygen monitor (Model  55. 't'ellow Springs Instrument 
Co., Ohio 45387) to obserx e the elTeet o\' Anihrosici extract and parthenin 
on the oxygen uptake o( nematodes. C. cU\i;ans was cultivated in a medium 
free of bacteria in order  to avoid interferences with bacterial respiration. 
McUndo^ync Juveniles were resuspended in distilled water. 5 ml \ olume 
containing approximately 3().()()() nematodes  were used to measure the 
oxygen uptake. Arnhmsici total extract w as added to a final concentration of 
20 mg/ml and parthenin to a final concentration of 5 mg/ml.
4.2.6 Afiglutination Assay
Rabbit, pig. and human A red blood cells were used in the agglutination 
assays (lectin assay). Aliquots of  50 pi of  phosphate buffered saline PBS 
were added to a U-bottom HLISA plate. Parthenin resuspended in distilled 
water was added to final dilutions o f  0.15. 0.3. 0.6. 1.25. 2.5 and 5 mg/ml. 
finally.  100 pi o f  diluted red blood cells were added to each well (see 
appendix). Samples were incubated for 30 min. at room temperature. 
Results of the agglutination assay were observed on a light box and 
recorded. PBS was used as a control.
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4.2.7 Insect Bioassay
The elTecl of  Am hrosia  loial extract and its active principle, parthenin, on 
insect larvae growth was tested for several Lepidopteran insects, liggs of 
Uciu'ovcrpa zvcl llcliothis vircsccns. Spodoptcra frujiiperda  or 
Trichopliisia ni were incubated at 23 "C for 48 hr. or until the larvae 
hatched. Only Ostrinia nuhilalis  (Huropean corn borer. HCB) eggs were 
incubated at 28 "C until larvae hatched (72 hr.). The Stoneville insect diet 
was prepared by mixing several ingredients as described in Appendix II. or 
the diet was provided bv Pioneer Hi-Bred International. Inc. (Johnston. IA I. 
Stoneville insect diet was prepared by mixing 153.4 g of  powdered dry 
ingredients and 2.5 ml mold inhibitor [propionic acid : phosphoric acid : 
water (70:7:40: v/v/v)|  with 400 ml boiling distilled water in a blender. 
This hot liquid diet was aliquoted into a plastic rearing tray (0.5 ml per 
well). .After the medium solidified. 80 pi o f  parthenin (10 mg/ml|  
resuspended in distilled water was added to a final concentration of  1.6 
mg/ml. Crude extract oi' Am hrosia  was used as a positive control and 80 pi 
of  this extract was added to a final concentration o f  3.2 mg/ml. The 
negative control was prepared by adding 80 pi of  distilled water to the diet. 
Eight replicates were prepared for each sample. The diet was left for two 
hr. in a laminar How hood until all o f  the added samples were completely
f)7
absorbed. Two neonate larvae were placed onto each well of  the artificial 
diet. Trays were covered  with mylar film and incubated at 28 "C for 5 days. 
At the end o f  this t ime, the l a n a e  were examined and larx ae weight and 
insect mortalitv were recorded for each treatment.
4.2.8 Effect o f  Cysteine on Nematieidal Activity
In order to know if parthenin and coronopilin reacted with sullliydryl 
groups, commonly present in proteins, both parthenin and coronopilin were 
mixed with cysteine before starting the nematode assay. The reduction in 
the nematieidal activity of  parthenin and coronopilin in the presence of  
cysteine would indicate a reaction with cysteine. The effect o f  cysteine on 
the nematieidal activity, of  parthenin and coronopilin was observed by 
mixing different concentrations of  cysteine with a solution containing 10 
mM parthenin or 10 mM coronopilin at the beginning of  the nematode 
assay. The assay was  prepared in a HLISA plate containing 50 pi of  
distilled water and approximately 50 M. incoynita  juveniles per well. 
Parthenin and coronopilin were added separately to a final concentration of  
10 mM. Immediately after adding parthenin and coronopilin.  cysteine was 
added to final concentrations of  0.1. 1 .5  or 10 mM. Controls w ith each 
concentration of cysteine. 10 mM parthenin alone. 10 mM coronopilin
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alone, and vs ith just distilled water were prepared. Four replicates ol" each 
sample were prepared. The elTeet o f  eysteine on nematodes treated with 
parthenin and coronopilin was observed under a stereoniicroscope after 24. 
4S. and 72 hr. Dead and living nematodes were counted and recorded.
4.2.9 H PLC Analysis o f  the Cystcine-parthenin Addiict
.Sesquiterpene lactones parthenin and coronopilin from Am hrosia  
psiloMachya  were analysed b\  HPLC. Studies of  several sesquiterpenes 
have demostrated that their activity with sulll iydryl-containing compounds 
is due to the presence o f  the a-niethylenebutyrolactone unit (Heptinstall ct 
(f/.. 19X7: Groenewegen a  al., 1986; Pieman ct a i ,  1979; Pieman ct a i .  
1981b). Since parthenin and coronopilin possess this a-methylene unit, it is 
possible that their nematieidal activity could be due to their reaction with 
enzymes and other cysteine containing proteins. This hypothetical 
mechanism o f  action was confimied by analysing the formation of  reaction 
adducts between parthenin and cysteine by HPLC. Twenty live pi o f  0.02 
M cysteine was mixed with 25 pi o f  0.01 M parthenin and incubated for 0. 
30 and 60 min. prior to HPLC analysis. Tlie elution of  the adduct was
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monitored at 215 nm. Parameters described in 4.2.3 were used Tor the 
HPLC separation.
4.3 RESULTS
4.3.1 Isolation and Properties o f  Parthenin and Coronopilin
Alter lyophili/.ation. a total o f  10.2 g ot'dr> material was extracted from 50 
g of  powdered Anihm sia  psilosiachya  resuspended in 500 ml o f  distilled 
water. A parallel methanolie e.xtraetion was performed to compare the 
quantitx' o f  acti\ e compound extracted and 6 g o f  extract w as obtained from 
50 g after evaporating the methanol.  Aliquots (212 mg) of aqueous and 
methanol ic extracts were resuspended in 4(K) pi o f  methanol for preparative 
thin layer chromatography.
Natural products were partially purified using 2 mm silica preparative TLC 
plates (Fisher Scientific. Cat. No. M5717-7) and a CH CL : MeOH ( %  ; 4; 
v/v ) solvent system. Bands observed under UV light at 254 nm wavelength 
appeared to be blue in color. At 365 nm. the same bands appeared to be 
brown in color. Bands were scrapped from the plate, powdered and 
rcsuspcndcd in 40 ml o f  M eOH : CH:C1: ( 1 : 1 ;  v/v ) and extracted
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ovcmiyhl.  Then, each exlraci was filtered to remove silica using Whatman 
No. 1 filter paper and e \apora ted  to dryness using a rotary evaporator,  
f ract ions  corresponding to each hand were tested for nematieidal ac t i \ i t \  
(Table 4.1).
Table 4.1. Effects o f  TLC Tractions o\' Am hrosia  Extracts on Nematodes
R f M ethanolie extract Aqueous extract
*7 M.i.  M o r ta l i ty Yield (<'c) M.i.  M orta li ty Yield  ( I
0 . 3 6 _ -
0 . 2 9 - 8 2 0 .5
0 . 2 5 5 8 5 0 .9
0 . 1 9 9 6 0 . 7 6 13
0 . 1 3 9 8 0 . 7 6 -
0 . 0 7 9 3 0 .2 8 -
0 .0 1 8
Solvent  System : : M eO H  : 4; v/\ i. 't ield was based on initial ground
plant material.  Methano l ie  fractions with Rfs 0 .1V and 0.1.^ seemed to he s imilar  to 
aqueous  fractions wi th Rf  ().2d and 0.25. Difference in R f  may he due to the fact 
that methanol ie ext ract  contained more  c o m p o u n d s  with lower polarity that 
af fected the migrat ion of com pounds  with h igher  polarity.
Three active compounds with Rf values of  0 .0 7 .  0 .1 3 .  and 0.19 
(compounds III. 11 and I. respectively) were isolated from the methanolie 
extract. Isolated fractions were resuspended in methanol and analyzed on 
small analytical TL C  plates (Fisher Scientific. Cat. No. 05-713-162) to
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determine their purity. The actixe compound with Rf 0.07 found in the 
methanolie extract was very unstable even though its activity against 
nematodes was high (93 nematode mortality). Compounds with Rf 0.13 
(11) and 0.19 (1) were similar to compounds isolated from aqueous extracts 
with Rf 0.25 and 0.29. The aqueous extract gave only two active 
compounds with Rf 0.25. and 0.29. with a yield of  9 g/kg and 5 g/kg of 
parthenin and coronopilin respectixeiy but they were not pure. Tne crystais 
were resuspended in a minimum volume of  MeOH (1 ml) for further 
purification. The actual bands had to be further purified for NMR analysis.
4.3.1.1. TLC Turification o f  Partheuiu and CoronopHiti 
Aqueous extract gave a better separation, howex er txvo or three compounds 
XXere still present in each active fraction. .An alternative TLC method using 
silica plates (Fisher Scientific. Cat. No. 05-713-314) containing an inert
preadsorbent band (150 A. PLKSF). xvhich provide a better separation was
used to obtain pure compounds.  Aqueous lyophilized Amhrosia  extract 
(250 mg) xvas resuspended in 20 ml of methanol:ethanol ( 1:1; x/x ) over 
night. The supernatant xvas filtered under vacuum and the solvent xvas 
evaporated xvith a rotary evaporator.  The sediment (500 mg) was 
resuspendcd in 2 ml of  methanol  : ethanol (1:1) and applied on 4 TLC
pluies (I mm thickness.  150 A). A solvent system composed of  
ace tone:M eOH:CHCh ( 3:4:01; \ / \7 \  ) was used. After chromatography, 
plates were dried in an extraction chamber and then observed with UV 
light. Three brown bands were observed under short wavelength LA' light 
(254 nm) (compounds 1. 11 and 111). Bands were scrapped from the plate 
and pulverized. Each fraction was resuspended in 50 ml of  MeOH:CHCU 
( i : l ;  v/v ). Then, the supernatant was lutered through Whatman N,- i lliter 
paper and the solvent was evaporated in a rotary e\  aporator.
TLC fractions were tested for activity using the nematode assay. Two 
compounds (1 and 11) with nematieidal activity were further analyzed b\ 
TLC on a microplate ( 3 x 7  cm ) using a solvent system composed o f  
acetone : methanol : chloroform (3:4:91). Separated compounds  were 
detected by heating plates after spraying plates with Liebermann reagent. 
Active compounds gave single spots when using several solvent systems 
indicating that they were relatively pure. Live milligrams of  each active 
compound were subjected to NM R analysis to determine their structure and 
they were found to be eoronopilin and parthenin. a third molecule with 
activity was not identified due to its instability. In the TLC plate sprayed 
with Liebermann compound I (coronopilin) gave a yellow color and
7.1
compound II (pailhcnin) and the compound III gave a purple color that 
changed to brown after a few minutes. When observed under  UV (365 nm) 
compound I appeared light blue in color and compound II and the 
compound III gave a brown color under 254 nm light (short wavelength 
UV) in TLC plates with lluorescent indicator.
Isola ted  active c o m p o u n d s  were in crystal form, compound I (11. 3 mg) 
with a Rf = 0.31 gave white crystals and compound II ( lO.H mg) with a Rf 
-  0.27 gave pale yellow crystals. The compound III gave white crystals 
(17.6 mg) and had a Rf = 0.10 ( Figure 4.2 ). The Rfs o f  isolated 
compounds were different to the active compounds  isolated earlier because 
the TLC plates used for purification had an inert band that allowed a better 
separation and also a different solvent system was used. Tlte addition of 
acetone in the solvent system seemed to increase resolution o f  the active 
compounds. The yield o f  compound I was 2 g/kg. 2 g/kg for compound II. 
and 4 g/kg for the compound III of  the initial ground plant material, 
respectively.
A higher yield o f  parthenin and compound I was obtained with a small 
variation of  the described method.
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Fig ur e  4.2.  TLC Patterns o f  Act ive  M o l e c u l e s  Isolated from Amhrosia. Lane 
I. is c o m p o u n d  I (coronopil in) ; lane 2,  and 4. c o m p o u n d  II (parthenin); lane 
3. co m p ou n d  III; lane 5. mixture o f  c o m p o u n d  II and III Analyt ical  detection  
o f  act ive c o m p o u n d s  was  made by s taining the sil ica plate w ith Liebemiann  
spray C om po un d 1 ga v e  a yel low color ,  c o m p o u n d  II and III ga v e  a purple- 
brown color.  Wh en  observed under U \  , c o m po un d I sh o w e d  a light blue 
color  at 3(i5 nm. c o m po un d II and III sh o w e d  a brown co lo r  at 25 4  nm 
wavelenght .
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Instead ol rcsuspcnding the aqueous lyophilized extract in MeOH:EtOH, a 
minimal volume o f  pure methanol was used. Com pounds  were separated 
by TLC using the solvent system acetone:methanol:ehloroform (2:4:94■. 
v/v/v). With the variation of  this method, only com pound I and compound 
II were visible. However, their yield was higher with a final yield o f  6 g/kg 
for compound 1 and 12 g/kg for compound II of  the initial ground material. 
The high content o f  these active compounds suggests that they could be 
invok ed in several esential roles in Amhrosia. The ratio of  compound II to 
compound I in Amhrosia [)sHostachya was always 2 : 1 when using this 
method for their isolation.
Several solvent systems were used for analytical TLC separations of  
isolated compounds to confirm their purity. TLC isolated compounds were 
dried under nitrogen and each o f  them was tested for biological activity 
using the M. incognita  nematode assav. Purified active compounds were 
subjected to NMR and mass spectrometry to elucidate their struetures.
4.3.1.2 NM R profiles o f  Parthenin ami Coronopilin  
Two alternative methods (TLC. HPLC) were used to isolate active 
compounds from Amhrosia  in pure form for N M R  analysis. After NMR 
and laser mass spectral analysis isolated molecules  were identified as
7h
scsquilcrjicnc lacloncs. The elucidation ol structures was perfonued by 
Schmitz and Li in the Dept, ol Chemistry. University ol Oklahoma. The 
structure ol compound 11 was elucidated by ‘ *C NMR (Figure 4.3) and H-H 
CO SY (Figure 4.4). The spectral results were consistent with the 
conclusion that compound II was parthenin. .Analysis ol the molecular 
mass by mass spectrometry gave a molecular  mass ol" 262. The latter 
supports the structure shown in Figure 4.5. The figure shows parthenin 
lonning an adduet with sodium giving an apparent MW ol 282.
77
I f  >1 #* ihT
Fig. 4.3. '"'C - NMR Spectrum o f  Parthenin in C D .O D
7 8
■tt,
•i!
.1 z
I L "
iir’"
'i
*»
y
: iHfi
I......ÛIM
:::i
a
fi
L ___
' I  r#wj
Fig. 4.4. H-H C O S Y  Spectrum of  Parthenin
7 9
tf)
00<N
“üo" <k •k----------- «b
mieina; "<k 3w
F'iy. 4.5. Laser Mass  Spect rum o f  Pan hem n,  The  molecu le  forms an 
adduct  u i t h  Na (MW 23)  g i \ in g  an appâ tent  MW o f  2X5. The  MW o f  
par thenin is 2h2 Dimers  ( 2 molecules  o f  pai ihenin  + Na).  tn m ers ,  and 
te t ramers were  detec ted  with apparent  MW s o f  547.  XOd and 1071. 
respectively.
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Similarly, the structure of  eonipound I was elucidated by 2D NMR. H-C 
CO SY (Figure 4.b). These results indicate that compound 1 is coronopilin.
Parthenin has a stereoisomer, hymenin. However,  both stereoisomers never 
have been found together in a single plant (Pieman ct a i ,  19Slab).  In order 
to confirm the structure and the stereochemistry of  parthenin. NMR and 
TLC patterns were compared with those of  authentic samples of  parthenin 
pro\ ided b\ N. Fischer and they were found to be identical. The structure 
of  parthenin and coronopilin are very similar. The only difference is the 
double bond present in parthenin.
parthenin coronopilin
m «
I - !
Fig. 4.6. 2D NMR Spectrum o f  Coronopilin
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4.3.1.3 H P L C  Isolation o f  Panhcniti and  Coronopilin  
Several solvents were tested for optimal separation of parthenin and 
coronopilin (data not shown) b\ HPLC. The UV detector was set at 215 
nm. Fifty pi o f  a methanolie mixture (50 mg/ml) containing parthenin and 
coronopilin was injected. Parthenin was eluted with a retention time (Rt) of 
24 min. and coronopilin had a Rt o f  25 min. ( Figure 4.7 ). in order to 
confirm the activity of  parthenin and coronopilin separated by HPLC, a 
nematode bioassas w as performed.
A concentration of  10 mg/ml of  parthenin and coronopilin was used in the 
bioassay with A/c/o/V/rjgwie juveniles.  Three replicates of  each sample were 
prepared. Distilled water was used as a control. The effects of  each 
compound on nematode sur\ ival was obser\  ed after 72 hr. Living and dead 
nematodes were counted and recorded as follows:
Tabic 4.2. Nomal icidal  FlTcci of  i’arthcnin and Coronop i l in  isolated by HPLC.
C o ro n o p i l in M o rta l i ty P a r th e n in T  M o r ta l i ty C o n tro l T  M o r ta l i ty
6 ( 4 5 ) 8 8 1 ( 5 1 ) 9 8 ( 0 ) 5 4 0
7 ( 3 9 ) 8 5 0 ( 5 2 ) 1 0 0 ( 0 ) 5 2 0
9 ( 4 7 ) 8 4 0 ( 4 4 ) 1 0 0 ( 0 ) 4 9 0
Juveni les  of  Af inc nf>nila nematodes  were  tested with H P L C  tractions.  Approximate ly  
50 nematodes were  used per well. Living and (dead) nematodes  were recorded.  The 
three rows are replicates ol each fraction.
Fi|*. 4.7 H P L C  Separa t ion o f  Parthenin and Coronop i l in .  Parthenin 
was e luted  with a Rt o f  24 min.  and coronopilin w i th  a Rt o f  25.4 
min.  A reverse-phase  10 p O D S  250x10 m m  c o l u m n  w as  used for 
the separat ion.  Par thenin  and coronopilin were  e lu ted  with a 
s tepwise  gradient  o f  water :methanol  (65:35; v v). F iRy pi  o f  each 
c o m p o u n d  resuspended in methanol  was loaded onto  th e  column.
84
4.3.2 Biological Activity o f  Parthenin and Coronopilin
Parthenin and coronopilin arc psciidoguaianolidcs that belong to a large 
group ol sesquiterpenoid tricyclic lactones. Scsquitcq^cnc lactones arc 
reported to possess several activities with anticarcinogenic activity being 
the ntost important (Lee ci a i .  1975; Irnakura vt a i .  1980; Woynarowski  
and Konopa. 1981 ). The activity ol sesquiteqiene lactones is attributed to 
their a-methylene-0-lactone group (Macias ct a i .  1992). This functional 
group represents a reactive receptor site for biological nucleophiles,  
especially thiol and amino groups. . \  typical reaction o f  methylene with 
small molecules or proteins containing a sullhydryl group is represented as 
follows;
S g
In our study the activity o f  parthenin and coronopilin was tested against the 
plant parasitic nematodes M. incognita  and against some commercially 
important insect larvae.
X5
4.3.2.1 Effect o f  Different Concentrations o f  Parthenin and  Coronopilin on 
Meloi(iof>yne incof’nita.
Tw o active natural products from Anthrosia. parthenin and coronopilin.  
were tested against nematodes at different concentrations ( 1 . 2 . 5  and 10 
mM). Nematodes (50 per well) in 100 pi of  distilled water were placed 
into individual wells of  a 96-well microtitre plate. Four replicated samples 
were used for each treatment.  The nematodes were observed under a 
stereomicroscope after 24. 48 and 72 hours. The nematistatic and 
nematicidal effects were measured according to Jatala et al. (1995). 
Effects o f  parthenin and coronopilin at concentrations o f  1 or 2 rnM were 
not experimentally distinguishable.  However, high mortality was observed 
when using 5 mM and 10 mM concentrations of  parthenin or coronopilin as 
shown in Figure 4.8. Coronopilin showed higher toxicity than parthenin at 
5 mM. However, a concentration of  10 mM caused nearly 100 C( mortality 
for both compounds.
4.3.2.2. Insect Bioassay
The effect o f  total Am brosia  extract was tested against l ie liocoverpa zea, 
Trichopliisia ni. Spodoptera frn ^ ip erd a  and Heliothis virescens  larx ae.
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Fly. 4.8, Elt'fect of 'Di lTercnt  Concentra tions  ol" Par ihenin and Coronopi l in  
on M  incognita. J u \ e n i i e s  were  tested with dift 'erent concentra t ions of 
par thenin  and coronopi l in ( 1 . 2 .  5. and 10 niM ) Fifty nematodes  per  
well  were  used.  Three  replicates of  each sam ple  were  used Standard 
d e l a t i o n s  for 1 . 2 . 5  and 10 mM  of parthenin were  0. 2. 5 and 3 and for 
coronopi l in  were  1. 1. 1 .0 .  respectively.
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A final concentration ol 2 ing/ml was obtained by mixing 100 gl of 
Anihrosia  extract [20 mg/mi] with I ml of  Stonesille diet. When the 
artificial medium was dry. two insect larsae were placed on the diet surface 
in each o f  eight wells. Insects were incubated at 28 “C for 5 days. At this 
time, lars ae were weighed and lars al mortality was recorded.
Anihrosia  extract exhibited strong antifeedant properties. Lars al sseight of  
insects on diets containing crude extract ssas reduced approximately 50 fr 
svhen compared to the control.  Larvae of  //. :ca. T. ni, S. fn i^ ip crd a . U. 
viri’sccns sveighed 54 . 55 ' 47 ‘7. and 64 compared to the control,
respectively ( Figure 4.9 a ). Similarly, the effect of  purified parthenin on 
insect gross th was tested. Neonate larvae o f  //. zca, T. ni. Ostrinia 
mihilalis, and S. fni^ipcrcla  svere used in this bioassay. Four neonate larsae 
svere placed in each svell o f  the artificial Stoneville diet containing 1.6 
mg/ml o f  parthenin. Only //. zcci larsae were placed 1 per svell because of  
their cannibalism. Sixteen lars ae ssere used for each treatment. Tlie greatest 
anti-insect effect o f  parthenin ssas noticed in assays svith Ostrinia (ECB). 
In this case larsal sseight was reduced by 96 9r compared to the control 
(Figure 4.9 b).
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4.3.3 Studies on The Mode o f  Action o f Parthenin and Coronopilin
Penetration of  nematode cuticle is an important prerequisite for the natural 
compounds to cause nematode death or paralysis. The effectiveness of  
several nernaticides is related to the penetration of  the nematode cuticle and 
their immediate action. Measurement of the rate o f  respiration (oxygen 
uptake) is an important indicator o f  the activity of  nematicidal compounds. 
In order to determine whether  parthenin penetrated the nematode cuticle 
rapidly, causing a change in the rate of respiration, oxygen uptake by A7. 
incognita  and C. c/cgu/i.v was measured in this study.
4.3.3.1 Respiration Assay
Plant nematode respiration is affected by many environmental factors. High 
concentrations of  CO; seems to be an important factor attracting nematodes 
to plant roots. In some experiments of  nematode respiration using 
Ditylenchus pratylcnchus  and Ani>uina spp. the rate o f  respiration was 
observed for several days in a solution containing glucose (Bhatt and 
Rohde, 1970). In our experiment  the effect of  parthenin on M. incoitnita 
and on C. elcf^ans oxygen uptake was observed for a few hours. For our 
purpose we did not use glucose in order to avoid bacterial contamination 
and related respiration.
yo
Respiration measurements  were perl'ormed with an oxygen electrode using 
juveniles  (30.000) resuspended in distilled w ater and C. clci^ans respiration 
was measured in a bacteria-free medium to avoid interference due to 
bacterial respiration. Anihrosia  total extract was added to a final 
concentration of  20 mg/ml. Oxygen coneentration in the cuvette was 
reduced by 61 9r w hen Just the extract was added. This fact suggests that 
the extraet may contain several molecules which react with oxygen or 
components  o f  the extract may "poison" the electrode surface. When 
parthenin resuspended in distilled w ater was added to a final concentration 
of  5 mg/ml. the rate of  oxygen comsumption by A/, im o^niia  increased 
rapidly during the first 10 minutes after addition of  parthenin and then it 
was non detectable (Figure 4.10). The effect o f  parthenin on respiration 
was more visible when using C. d ed a n s  nematodes (Figure 4.11). 
Parthenin had also a stimulator) effect on nematodes  suggesting a rapid 
penetration through the nematode cuticle.
Based on these results, it seems that the sesquiterpene lactone parthenin 
penetrated the cuticle of  the nematode rapidly reaching endodemiie  cells, 
intoxicating the whole nematode system, causing paralysis and death.
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Fiji. 4 .10 .\fi’/ou/i\iivnc i iH n^n iia  Respira t ion Assay.  
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Fiy. 4.11. C iicnorliuhJitis  Respiration Assay,  Total  extract
concentration was 20 m g  ml and parthenin concentrat ion used was 5 
mg ml. Approximate ly  30.000 nematodes in bacter ia-l ree  med ium was 
used in the assay T w o  replicates with similar results were pert 'omied.
V3
4.3.3.2 Coftiparison oj Agglutination  /\.s.vc/y aiul Nematode Bioassay 
Some studies have suggested that the anti-aggregation (agglutination) 
activity of several sesquiteq^ene lactones are due to the reaction with 
sullhydryl groups o f  platelets (Heptinstall et a i .  1987). The agglutination 
effect of parthenin was observed using three kinds o f  red blood cells 
(rabbit, pig. and human RBC). The agglutination of rabbit RBC was higher 
than pig and human RBC agglutination when treated with parthenin. The 
minimum concentration o f  parthenin that gave a positive result for all three 
kinds of RBC was 2.5 mg/ml. These results were positively correlated with 
the results of the nematode assay. The minimal concentration of  parthenin 
that caused 8^4 nematode mortality was 0.6 mg/ml. The same parthenin 
concentration g a \e  a positive reaction in the agglutination assay where a 
fu/zy ring was observed. Similarly, a concentration o f  5 mg/ ml of  
parthenin caused a 100 ‘f  mortality o f  nematodes and this concentration 
gave a very positive agglutination reaction. Similar results to parthenin 
were obtained with coronopilin (data not shown). The agglutination lest 
was performed in a plate with round bottom wells to determine serum 
titers. In the round-bottom cells. RBCs settle to the bottom in a tight button. 
But when Abs cause hemagglutination, the RBCs form clumps along the 
side of the well.
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4.3.3.3 Effect o f  Cysteine on Nem aticidal Activity.
Several eoneentrations (0 .1 .  1 .5 ,  10 inM ) of  cysteine alone were tested to 
determine whether cysteine had any effect on nematodes. These 
eoneentrations had no ad\erse  effects on nematodes. Then, samples with 
each of  these cysteine concentrations were mixed separately with 10 m.M 
parthenin or 10 mM coronopilin.  The nematicidal effect of  parthenin was 
reduced from V5 to 5 and coronopilin was reduced from S3  ^< to 2 ‘< 
alter mixing with 10 mM cysteine ( lug. 4.12 ). The reactivity between 
parthenin. coronopilin and cysteine seems to be \ e r \  high since the 
reduction in nematicidal activity o f  parthenin or coronopilin w as more than 
00  ^( w hen mixing equimolar quantities of  each o f  them w ith cysteine.
4.3.3.4 HPLC Analysis o f  Cysteine-Partiienin Additct
The nematicidal activity o f  sesquiterpene lactones, parthenin and 
coronopilin isolated from Anihrosia jisilostacliya was suggested to be due 
to their immediate reaction with cysteine-containing proteins that play a 
key role for nematode survival. This hypothesis o f  action was supported by 
HPLC analysis of the formation o f  a parthenin-cvsteine adduct after mixing 
cysteine with parthenin.
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Fiy. 4.12. Et ïoct  ot '  C \ s (c ine  on Nemat i c idal  Ac tu i ty  o f  Parthenin  and 
Coronopilin.  N e m a to d e s  were incubated wi th  varying concentra t ions  o f  
the amino acid cys te ine  with or without 10 niM parthenin or  coronopil in.  
Nematode morta l i ty  was  recorded a l ter  72 hr. o f  treatment.  T he  values 
presented are the  average  from 4 repl ica tes  with app ro xima te ly  50 
nematodes  well  according to the s tandard  bioassay descr ibed a b o \e .  
Standard dev ia t ions  for 0.1. I. 5 and 10 m M  o f  cysteine, coronopil in-  
cysteine and par thenin-cys te ine  were 2. 0.6.  I. I; 6, S. 4. 2 and 4, 5. 3. 3. 
respectively.
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Cysteine (0.02 M) and parihenin (0.01 M) were mixed and incubated at 
room temperature. Samples were injected into an HPLC alter 30 min and 
60 min of incubation. A sample containing only parthenin ( peak 1 ) was 
injected as a control with a Rt = 25.2 min. A new peak with a retention 
time Rt = 7.8 min. ( peak 2 ) appeared after mixing parthenin with cysteine. 
I 'he appearance o f  a new peak after mixing cysteine and parthenin and the 
reduction in size o f  the parthenin peak suggests that cysteine reacts to form 
an adduct with parthenin. Ligure 4.13 shows the HPLC profile of  the 
mixture.
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Fi{>. 4.13. H P L C  Profiles o f  the Adduct  Between Cyste ine  and 
Parthenin. Concent ra t ions  o f  0.02 M cysteine and 0.01 par thenin 
were mixed and incubated for three d ifferent  t imes (0. 30. hO min ) 
for HPLC analysis,  a) Mixture  at 0 min.  b) Mixture incubated for 30 
min. c) Mixture incubated for 60 min.  25 pi o f  each sample,  
cysteine and par ihenin  were used m this experiment .
4.3.4 Proposed Mode o f  Action o f  Parthenin
Results observed in HPLC profiles and nematode bioassay u i th  the 
equimolar  mixture ol parthenin-cysteine suggest the formation of  an adduct 
between these two molecules. It has been confirmed that sesquiterpene 
lactones such as parihenolide bind and form adduets with cysteine through 
the exoeyclic methylene group (Hay ct al.. 1VV4). It is possible that a 
similar reaction occurs in vivo with cysteine-containing proteins or with 
other reactive groups. This proposed mechanism of reaction between 
parthenin and cysteine is supported by Pieman (148lab).  Tlie activated 
methylene group of  sesquiterj)cne lactones is susceptible to nucleophilic 
attack via Michael addition (Groenewegen ct a!.. I486). The following 
scheme describes a proposed mechanism of  parthenin reaction with 
proteins.
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4.4 Discussion
Many of  the traditional pesticides such as methyl bromide, 
diehloropropene. and dibromoethane used to control plant parasitic 
nematodes are under re\ie \v by the Hn\ ironmental Protection Agency 
(I£PA) (Brown and Kerry. 1987). l l i e re  is a general interest in replacing 
these synthetic pesticides with in e \p e n s i \ e  and sale biological nematieides 
to insure a sale and adequate food supply lor the future. To date, although 
there are many reports showing nematicidal or nematistatic activities in 
valions plants, very few of  the actual molecules responsible for activity 
have been identified and eharaeteri/.ed.
Our  results show that parthenin and coronopilin.  sesquiterpene lactones 
isolated from Amhrosia. have nematicidal activity. Besides, parthenin and 
coronopilin.  Anthrosia sp. contain a number o f  other sesquiterpene lactones 
that are used for ta.xonomic identilleation (Miller ct al., 1968). 
Sesquiterpenes can be detected by analytical TLC. However, it is 
impossible to distinguish parthenin and coronopilin with vanillin reagent 
because their Rfs are very close. For this reason we used Liebcmiann spray 
that proved to clearly distinguish between the two compounds. Other  
populations or species o f  Am hrosia  may have or not have the same
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terpencs. Potter and Mabry in 1972 reported that for 20 populations of  A. 
psilostacliya  only 5 populations contained parthenin and coronopilin.
Parthenin and coronopilin increased nematode mortality at concentrations 
of  5 mg/ml or greater. Parthenin stimulated nematode respiration 
immediately alter adding this compound to the media containing 
nematodes. The immediate response to parthenin suggests that parthenin 
penetrates through the cuticle. The reduction o f  the nematicidal effect when 
adding cysteine suggests that the lethal effect of  parthenin and coronopilin 
on nematodes may be due to an interference with sultliydryl groups present 
in essential enzymes and proteins. It is probable that in vivo parthenin 
reacts with esential cysteine-containing proteins following the mechanism 
proposed by Pieman.
Biological acti\ ities such as antitumor activity of  parthenin and coronopilin 
have been investigated by many authors (Heathcock ct al.. 1982; Is man and 
Rodriguez, 1983; Sharma and Bhutani. 1988) but nothing has been reported 
about their nematicidal properties. These sesquiterpenes are smaller and 
simpler than many other nematieides. This  makes them interesting for 
further investigation.
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4.5 Conclusions
•  Three nematicidal secondary metabolites were isolated using 
bioactivity-directed TLC fractionation. The structures o f  two of  them, 
parthenin and coronopilin. were elucidated by NM R and by mass 
spectrometry. The structure o f  the third one that exhibited the best 
activity could not be elucidated because of  its high apparent reactivit\ 
with oxygen, which caused the chemical alteration o f  this compound.
•  Parthenin and coronopilin are known molecules and their antitumor, 
antibacterial, fungicidal, molluscicidal and insect antifeedant activities 
have been reported (Heathcock ct al., ldH2; Is man and Rodriguez. 
1VS3: Sharma and Bhutani. l^SS). However,  this is the first report of  
their nematicidal activity.
•  Parthenin stimulated respiration in M. incognita and C. clci^iins. The 
immediate response of nematodes suggests that parthenin penetrates 
through the cuticle rapidly.
•  The nematicidal effect of  parthenin was reduced by mixing the 
compound with equimolar concentrations of  cysteine. This suggests 
that the lethal effect of parthenin on nematodes may be due. at least in 
part to reaction with sullhydryl groups present in essential enzymes 
and proteins or other reactive groups.
10.1
CHAPTER V: Isolation and Partial Characterization 
of Trypsin Inhibitors from Cassia friiticosa  and 
M iicuna holdii
5.1 Introduction
DilTcrcnl species o f  Miicumi and Cassia  contain biolojiically-aclive 
compounds and are commonly used as food by many na t i \e  peoples. 
M ucima  species are commonly known as \ e l \e tbean  (L'dedibie and Carlini. 
1VVS). Members  of  this genus have been reported to be immune to root- 
knot caused by nematodes (Buckles. IVV5). Muciina  is cultivated in 
several countries such as India. Sumatra.  Mexico. Nigeria. Ghana, and the 
United States (Siddhuraju ct al.. IVVbl. In Mexico this plant is known as 
ne sc ale and teas made from this plant are consumed as a daily beverage 
(Buckles. 1995). It was reported that plants of  Muciina dccrin^iana  
possesses factors that reduced the gall index and infection of  tomato by M. 
iticaiinita (Kloepper <7 t//.. 1991).
Two sccondarx' metabolites with nematicidal effects against M. incoiinita 
juveniles were isolated from Mucima atcrrima  leaves and stems. These 
nematicidal natural products were triacontyl tetracosanate and triacontanol
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(Nogucira ct al., IV%). There are several reports about Mucima pniricn.s 
(L.) DC. (Fabaceae) c \ . ' 'Nescafe" ("Neseao").  Toasted ground seeds of 
this plant are used as a coffee substitute. Plants o f  this genus are believed to 
possess anodyne, antidotal, aphrodisiac, diuretic,  nervine, resolvent, 
rubefacient and vennifuge properties and the plants are used to treat 
anasarca, asthma, cancer, cholera, cough, diarrhea, dogbite.  dropsy, 
diabetes, insanity, mumps. Parkinson, ringworm, snakebite,  fever, sores, 
syphilis, tumors and worms ( Akhtar <7 a/.. IddO; lauk. 1VV3: Houghton and 
Skari. 1W4; Manyam and Sanchez-Ramos. 1VVV). Some Indian tribes 
consume the hairs o f  the pods for their vermifugal effect (Vasudeva and 
Shanpru. I VS 1 ).
In our  study, we used seeds from M. holdii as a source o f  novel trypsin 
inhibitors. So far. there are no reports of the antitryptic activity of  this 
plant. The goal of  this work was to isolate the proteins responsible for 
trypsin inhibition. There are many reports about the safety o f  consuming 
Mucima. For example. Janardhanan (1982) reported that the consumption 
of seeds from Mucima utili.s is safe to many tribals. Udedibie and Carlini 
(1998) observed that proteins isolated from seeds o f  M. pruriens  failed to 
agglutinate human red blood cells. This fact could explain why this plant is
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used as an anli-inflammalory agent. Trypsin inhibitors contained in seeds 
are sometimes considered as antinutritional factors in plants. However,  
they can be inactivated by heating or reaction with reducing sugars at 37 "C 
and at 50 "C (Kato and Matsuda, 1W7). Since sugars are main components  
in daily food, consumption of trypsin inhibitors in their raw form is usually 
safe.
Another  plant used as a source of trypsin inhibitors was Cassia frinicosd.  
Its seeds were used as well to isolate trypsin inhibitors. Se\era l  authors 
have reported the presence of different biological activities present in 
Cassia  species. Besides its biological activities, it is interesting to mention 
that Cassia  is known to be a holy plant. Moses  received instructions to use 
this plant with other selected plants in the making o f  holy compounds 
especially composed for the Lord (King. 1941 ).
C. occicientalis roots have been reported to possess antibacterial activity, 
mainly against Salmonella ryphi (Perez and Anesini, 1994). Besides its 
antibacterial activity. C. occidcntalis possesses  anti-intlammatory activity 
(Kuo et a l ,  1996). C. ahhrcviaia has been reported to possess anlimalarial 
activity (Connelly et al., 1996). Extracts o f  Ca.Ksia have also shown anti­
106
insect activity. For example. C'. auhcu la tu  was found to have antifeedant 
properties against Hadda Heiioscinlacluui vi^intioctojmnctata  (Sreedevi cl 
al.. 1993). Some Cassia species have been found to possess activity against 
plant parasitic nematodes. C. fasciculaia  has been used in crop rotation to 
control Mcl()id()i>\nc nematodes with positive results ( Rodrigue/-Kabana 
and Canullo. 1992 I. Another example is C. fistula. Aqueous extract of  
(lowers of  this plant exhibit nenialicidal effects on A7. inco^niia  (Sharma 
and Trivedi.  1994).
Schubert has found insect antifeedant activity in the tropical plants. Cassia  
fru ticosa  and Muctaia holdii collected from the rainforests of  Costa Rica 
and suggested that this activity might be due at least in part to trypsin 
inhibitors present in these plants. The presence of  trypsin inhibitor activity 
was confirmed in both plant extracts as a part o f  this work. Trypsin 
inhibitors were purified by affinity chromatography,  ion exchange 
chromatography and these inhibitors were pailially characterized.
5.2 Materials
Trypsin (TPCK treated) from bovine pancreas (Cat. No. T-1426),  a -  
Chymoirypsin (TLCK treated) (Cat. No. C-3142), N-bcnzoyl-L-tyrosine p-
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nitroanilide (BTNA) (Cal. No. B-6760), N-hcnzoyl-DL-arginine p- 
nitroanilide (BAPNA) (Cat. No. B-4K75). polyvinylpolypyrrolidonc 
(insoluble PVP. Cat. No. P-6755), potassium phosphate,  NaCl. betha- 
mercaptoethanol ({3-ME). tricine, Bavin mononucleotide, crocein scarlet, 
bromophenol blue, trypsin-chymotrypsin inhibitor (BBI. Cat. No. T-V777). 
N-aceiyl-dl-phenylalanine-[5-naphtyl ester, and tetrazotized ortho-dianiside 
were purchased I'rom Sigma Chemical Co. St. Louis. Missouri. CNBr- 
activated Sepharose 4B was purchased from Pharmacia Biotech. L’ppsala. 
Sweden. Tris-hydroxymethyl-aminomethane (Tris) and sodium dodecyl 
sulphate (SDS) were purchased from Research Organics Inc.. Cleveland. 
Ohio. Centr icon tubes with 1 ().()()() MWCO were purchased from Amicon. 
Millipore Corporation. Bedford. MA. Acr>iamide. N-tetramelhylethylene- 
diamine (TEMED).  ampholytes for isoelectric focusing (Bio-Lyte 8/10; 
3/5; 5/8). protein markers and ammonium persulfate (APS) were purchased 
from Bio-Rad Laboratories.  Richmond. California. Ob-wcll Bat bottom 
microtitre plates were purchased from Becton Dickinson & Company.  
Lincoln Park. New Jersey. N.N-dimethylfonnamide. Commassie  Brilliant 
Blue (CBB-G-250) and other reagent grade chemicals were purchased from 
Fisher Scientific.  Fair Lawn. New Jersey. Miracloth was purchased I'rom 
Calbiochem. La Jolla. California.
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5.3 Methods
5.3.1 Preparation o f  Plant Crude Extract
Seeds of Cassiii (3.S g) and Mucitna (15.7 g) were homogenized in 5 
volumes of  10 niM sodium phosphate buffer. pH 7.5, containing 0.1 g 
insoluble PVP per g seed weight. The homogenate was filtered through two 
layers of Miracloth and the filtrate was centrifuged at 15.000 rpm for 15 
min. at 4 "C. The supernatant lluid was remoxed and filtered again through 
Miracloth. This crude e.\tract was used for trypsin inhibitor assays and 
nematode bioassays. Both extracts appeared brownish color.
5.3.2 Dialysis
In both samples the crude extract was dialyzed against 4 liters of  10 mM 
sodium phosphate buffer. pH 7.5. using Speetra/Por dialysis membranes 
with a 3.500 MW CO. The buffer was changed live times every 5 hours. 
After dialysis, the extracts were centrifuged at 15.000 rpm for 15 min. The 
volume of the supernatant w as measured and this material was saved as 
crude dialyzed extract. The pellet was discarded. Tliis supernatant was 
used for assay and for further purification by trypsin affinity 
chromatography.
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5.3.3 Affinity Chromatography
This method is based on the reversible interaction between molecules and it 
is a powert'ul tool tor puritying proteins. Trypsin inhibitors were isolated 
from crude dialyzed seed extracts based on their binding to trypsin. The 
trypsin affinity column (TAC) was prepared as described in Appendix I.
The TA C column was ec|uilibrated with 10 mM Na phosphate buffer. pH 
7.5. A 15-ml column w ith a diameter ot 1.5 cm was used. Before loading 
the column with the sample. 10 ml ot each extract was diluted twice with 
the same buffer and centrifuged at 10.000 rpm for 10 min. After loading 
the sample, the column was washed with 7 volumes of  10 mM Na 
phosphate  buffer to remove the unbound proteins. The trypsin inhibitors 
were eluted step-wise using the following solutions:
1 ) 0.5 M NaOAc + 0.5 M NaCl. pH 7.0 50 ml
2) 0.5 M NaOAc -f 0.5 M NaCl, pH 5.0 50 ml
3) 0.5 M NaOAc + 0.5 M NaCl, pH 3.0 70 ml
4) 0.5 M NaOAc + 0.5 M NaCl, pH 2.2 70 ml
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A lolai oT 80 3-nil I'raclicins were collected. Protein elution was monitored 
by measuring the absorbance at 280 nm. A c t i \ e  fractions were identified 
using the spectrophotomctnc trypsin inhibition assay and by the trypsin in­
gel assay. After affinity separation. ac t i \c  fractions were pooled, dialy/ed 
against 10 mM Tris, pi I 8.0. and further purified by anion c.xchangc 
chromatography on a Pharmacia Resource Q (R.SQ) column using a 
Pharmacia b'PLC svstem.
5.3.4 lon-exchanf>e Chromatof>raphy ( F P I X  )
Partially purified trypsin inhibitors were funlier separated by bast Protein 
Liquid Chromatography (b'PLC). using a RSQ anion-exchange column. 
The column was equilibrated w ith 10 mM 'I ns .  pi I 8.0. Peldre injecting 2 
ml of  the active fraction from the affinity column, the sample was 
centrifuged at 10.000 qnn for 5 min. in a microcentrifuge at room 
temperature.
Several elution programs with different gradients (data not shown) were 
tested to optimize the separation of  active proteins from Ca.wid and 
Mucuna. The programs with the best separation for each sample are 
summarized in the following tables:
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Tabic 5.1. m . r  Program lo Separa te  I ' r yp s in  inh ib i tors  Iront  C. f ru t u  osa
Voluttie I ml I Time duration ' i 10 niM T r i s  ' ; 10 mM Tris
+ I M NaCl
0 s 100 0
5 s V: 7.7
10 25 V: 8
.Ts T 88 12
M t 0 100
M) 4 0 100
43 1 100 0
XI 1 too o
T a b l e  5.2. l-'PLC Program to Separate Trypsin  Inhibitors I rom Miti itna
Vo lume |m l | Time duration M O  m.M Tris M O  niM Tris 
+ 1 M NaCl
0 5 100 I)
5 15 08 1
20 10 05 5
30 s 05 5
32 3 0 1(H)
35 5 0 1(H)
40 1(K) 0
42 3 KM) 0
IT jc Ho w  rale used lo separale Cassia  irypsin inhibilors was 1 ml/min and 
0.75 ml/min for Muciuia. Around iwcniy t'raciions o f  2 ml each were 
eluied from ihc column using a NaCl gradienl from 0 lo 1 M in Tris buffer. 
Aliquois o f  fraciions were used  for ihe in-gel assay and ihe
i t :
spcctrophoiomclric trypsin assay to i dentil y the a c t i \e  tractions. Fractions 
with activity were pooled and dialyzed against 10 niM Tris. pH 8.0. 
.Miquots of 2 pi and 10 pi of  active fractions were used to deterniine the 
protein concentration by the BCA assay. Finally, purified active tractions 
were dialyzed against distilled water and aliquots were taken tor IFF and 
MALDI-TOI- mass analysis. All Cassia and M ucana  samples were stored 
frozen at -2 0  ”C.
5.3.5 S D S -P A G E
SDS-P.-\GF was used during the trypsin inhibitor isolation to assess the 
purity and to estimate the moleeular weight of  trypsin inhibitors. Gels of 
15^( aerylamide were prepared aceording to Laemmli ( 1V70) using 20.\20 
em gels in a \er tical ehamber. Samples were run with a low constant 
voltage of  80 V to avoid overheating and inactivation o f  trypsin inhibitors. 
Gels  were run tor approximately 4 hours. Samples w iih and without (Î-ME 
and with and without heating were run. Parallel gels were run at the same 
time, one for staining with Coomassie Brilliant Blue (CBB) followed by 
silver staining and the second one for the in-gel activity assay.
5.3.6 Tricine-SDS PAGE
Tricine-SDS polyacrylamide gel eleeirophoresis was necessary to separale 
peptides from Mucuna  I-PLC purified fractions. Small proteins (<20.000 
Da) are separated more effect i\ely on a 16.3 fr  gradient Tricine-SDS gel 
according to Schagger and von Jagow ( ld87)  (see Appendix 1 for details). 
The estimated subunit molecular weight o f  the trypsin inhibitors was 
determined under native and denatured conditions. Proteins was detected 
by staining with Coomassie  Brilliant Blue R-250 and silver staining. 
Parallel gels were run for trypsin in-gel activity assays. Solutions and gel 
preparation for tricine-SDS electrophoresis are described in Appendix II.
Twenty microliter ( 2 pg ) o f  each b'PLC purified Mucuna  fraction was 
mixed w ith 6 pi of  4X sample buffer and incubated for .70 min. at 40 "C. 
The gel was run at 90 V for 16 h at room temperature.
5.3.7 Native PAGE
Under non-denaturing conditions, proteins arc separated in an electric field 
on the basis of  both charge and mass. If the protein consists of  multiple 
sub-units o f  different molecular sizes, purity is confirmed by detecting a 
single band after gel electrophoresis under non-denaturing conditions.
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The native PAGE was prepared aceording to Laemmli ( ld70).  with 159r 
aerylamide without using SDS. The running and the sample bulTer were 
prepared without SDS and without (3-ML as well. Tw o  pg  of each sample 
was loaded on the gel. A lower voltage was used (approx. 70 V) during the 
separation process.
5.3.8 lEF-PAG E
Homogeneity and presence of possible isoinhibitors was determined by 
isoelectric focusing. Samples were eleetrophoresed on thin layer 
polyacrylamide gels containing ampholytes.  The migration distances of  the 
pi markers from the anode were measured and plotted against the pi of  the 
markers.  The migration distance of  the stained trypsin inhibitor bands from 
the anode was measured and their isoelectric point (pi) was calculated by 
extrapolation from the standard curve.
A BioRad mi ni-ILL apparatus was used for detemiinalion o f  the isoelectric 
points of  isolated inhibitors. The ILL gel was prepared according to the 
Bio-Rad protocol.  The composition o f  the gel follows: 1 ml aerylamide 
solution (259f aerylamide; 39r bisacrylamide).  I ml glycerol.  0.5 ml Bio- 
lyte 8/10 and deionized H ; 0  to a final volume of  5 ml. Finally.  5 pi of  l()9r
II.s
ammonium persulfate. 50 pi o f  0 .1 '/c Ï-MN. and 5 pi TEM ED  were added. 
.After mi.xing all the ingredients,  this gel solution was poured into a 
horizontal ehamber and was polymerized for about 30 min. One pg of  
each sample resuspended in distil led water was loaded in the center of the 
I EE gel. The gel was run at 100 and 200 volts for 15 min each. Finally, the 
voltage u a s  increased to 450 \ olts and the gel was run for 1 hour. Proteins 
were first stained with eroeein scarlet and then silver stained. A parallel 
lEE gel was stained to detect trypsin inhibitors using the in-gel assay.
5.3.9 In-fiel Activity Assay
In-gel activity assay was performed according to Uriel and Berges (1%K). 
After electrophoretic separation, the gel was washed with 0.1 M potassium 
phosphate buffer. pH 7.0. Then,  the gel was incubated in 150 ml 0.1 M K- 
phosphate buffer. pH 7.0. containing 50 mg of  bovine trypsin at room temp 
for 30 min. with gently shaking. The trypsin solution was discarded and 
substrate solution containing 20 mg acetyl-dl-phenylalanine-b-naphtyl ester 
dissolved in 10 ml of  N ' N-dimethylformamide and HK) ml 0.05 M 
potassium phosphate buffer. pH 7.0 containing 40 mg tetrazotized ortho- 
dianiside was added to the gel. The gel was incubated with gentle shaking 
until the activity bands were detected. After approximately two hours of
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incubation the reaction was stopped by discarding the substrate solution 
and adding a solution with 2‘f  acetic acid containing 4 ‘ r glycerol. The gel 
was transferred to a plastic bag and sealed.
5.3.10 Trypsin Inhibition Assay
. \ssays were carried out using a Heckman DL'7500 diode array 
spectrophotometer.  Data were recorded at 410 nm with a 30-second 
in ten  al for 5 min. using disposable cuvettes. The assay was linear for the 5 
min. period. The reaction mixture was prepared by adding the follow ing to 
each cuvette: 1 ml o f  0.1 M Tris buffer. pH 8.0. containing 5 pi of  trypsin 
15 mg/ml].  Next, 20 pi o f  the protein sample was added and incubated for 5 
min. at room temperature. After preincubation. 40 pi of  the substrate p- 
BAPNA in DM SO |40 mg/ml 1 was added to a final concentration o f  4 mM. 
■After mixing, the reaction mixture was incubated for another five min. 
before recording the change in absorbance. Different concentrations (0.4 -  
12 pg/ml)  of  inhibitor were used to determine the amount o f  inhibitor 
needed to reduce the rate reaction by 5()9r (5()9c inhibition, Uo). Three 
replicates o f  each reaction were performed and values were expressed as 
percent of  inhibition compared to the rate for the control.
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5.3.11 Nematode Assay
The elTecl of  M ucuna  and Cassia trypsin inhibitors on nematodes was 
tested using the C. clcyans  hioassay. Nematodes  were euitivated in a 
baeteria-free liquid medium according to the method described in 4.3.1. 
Fifty micro!iters of  medium containing approximately 20 nematodes were 
added to a HLISA microtitre plate. FPLC purified proteins from Mucuna  
and Cassia  were resuspended in distilled water  and a volume of  each was 
added to each well to give a final concentration of  13 pg/ml. Nematodes 
were obser \ed  under the stereoscope after 24 h. Dead and living nematodes 
were counted and recorded. Data w as expressed as percentage o f  mortality.
5.3.12 Protein Determination (BCA)
It is important to calculate the amount o f  protein in the sample to determine 
specific activities. The quantity of  a protein is commonly determined by 
colorimetric methods such as Bradford or  Lowry. Both methods include the 
generation of  a standard eurve of a standard protein, usually bovine serum 
albumin (BSA). In our  experiments we preferred to use the bicinchoninic 
acid (BCA) method. This method is accurate and has fewer intertcrcnces. 
The concentration o f  purified trypsin inhibitors and protein concentration 
o f  total extracts were measured according to the Pierce Micro BCA assay
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protocol (PIERCIi. Rockford. Illinois). A set of  protein standards was 
prepared using BSA (from 0.5-20 pg/ml).  Dilutions of  lOO.x and 500.\ were 
prepared for each sample. After adding 1 ml of  working reagent, the 
samples were incubated at 60 "C for 1 hr. Then the samples were cooled to 
room temperature for 5 min. Finally, the absorbance at 562 nm was 
measured. A standard curve was prepared by plotting the net absorbance 
vs. known protein concentrations. Concentrations of  unknown protein 
samples were determined by extrapolation using the BSA standard curve.
5.3.13 Characterization o f Trypsin Inhibitors from  Mucuna and from  
Cassia
A partial characterization of trypsin inhibitors from Mucuna  and from 
Cassia  was performed. Purity, molecular  weight and isoelectric point were 
determined for the purified trypsin inhibitors. Electrophoretic methods 
were used to deterniine the purity and their molecular weight was 
determined usine SDS PAGE and M A L D l-T O F  mass analysis.
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5.3 .14 Determination o f Purity o f  the Isolated Proteins
The purity of  trypsin inhibitors was determined by gel electrophoresis 
under non-denaturing conditions ( see 5.3.7 ). A single band is usually 
observed w hen the protein is pure. The purity o f  proteins alternatively can 
be confirmed by 1HI--PAGI: separating proteins according to their 
isoelectric point.
5.3.15 Determination o f Molecular Weight ( M W  )
Another important eharaeteristie of  isolated proteins is their MW. 
Moleeular size of  isolated enzymes can be made by comparing the elution 
volume o f  an unknown protein from a conventional gel-filtration or high 
performance size-exelusion column (HP-SHC) to the elution volumes of 
standard proteins. The molecular weight o f  isolated proteins can he 
determined by SDS-PAGH. Howe\er .  there are many factors that may 
interfere w ith this analysis. Because of  the small amount of  purified trypsin 
inhibitors obtained, the molecular weight was determined by M.ALDl-TOF 
mass speetrometr}'. a method that requires only nanograms o f  protein. In 
the matrix assisted laser desorption ionization time-of-Hight (MALDl- 
TOF) technique, the sample is mixed with an excess (-lO.CKX) fold) o f  a 
matrix substance such as sinapinnic acid. The mixture is allowed to dr)' and
Ibrm a crystalline deposit  that is irradiated with a short pulse I'rom a UV 
laser. So. the matrix volatilizes and takes sample with it into gas phase. The 
ions are accelerated by a strong electric Held (20 kV) toward the detector. 
Since all ions have the same charee. their velocities are related to the mass.
The quaternary structure ol the inhibitor (subunit composition) was 
determined by electrophoresis under denaturing conditions with SDS and 
(3-MH. as described in 5..T5. The quaternary structure was deduced by 
comparing the molecular size ol the "native" protein and the molecular size 
ol the denatured protein.
5.3.16 Determination o f  the Isoelectric Point
Gels with different pH gradients were used: 3-10. 5-S. 3-5 to determine the 
isoelectric point of  purified inhibitors from Cassia  and Mucuna. Four pi of 
each protein sample resuspended in distilled water  was loaded in the 
middle of  the gel. Two pi o f  the standard pi markers  from Pharmacia High 
pi Calibration Kit (Cat. No. 17-0473-01 ) was loaded in each run.
5.3.17 Chymotrypsin Assay
Ten ml of  0.1 M Tris, pH S.O. was mixed with chymotrypsin to a final 
concentration o f  50 pg/ml. .After mixing the buffer and the en /y  me: 
aliquois of  0.5 ml buffer were transferred to 6 speelrophotometrie cuvettes. 
Then, 20 pi o f  irypsin inhibitor from Miiciina or from Cassia  (MTI-4 and 
CTI-1 ) were added to each cuvette and the mixture was incubated at room 
temperature for 5 min. The substrate used was N-benzoyl-L-tyrosine p- 
nitroanilide (BTNA) ( 5 mg in 5 ml ol acetone and 5 ml of  0.2 M Tris. pH 
S.O ). To each cuvette,  0.5 ml of  substrate was added and the reaction was 
incubated at room temperature for 5 min. The rate o f  reaction was 
measured continuouslv at 410 nm.
5.4 Results and Discussion
5.4.1 Plant Extraction and Dialysis
Plant extracts were prepared from M ucuna  seeds (15.7 g) and Cassia  seeds 
(51.6 g). Seed coats were peeled off and seeds were homogenized 
according to the method described in 5.3.1. Seeds were homogenized with 
a Brinkman polytron and extracts were filtered and dialyzed. Final extract 
volumes of  42.5 ml for M ucuna  and 82.5 ml for Cassia  were obtained.
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Extracts of Mucuna and Cassia were tested for their trypsin inhibitory 
activity (Figure 5.1). To  determine if the activity was due to a 
proteinaceous inhibitor, extracts were autoclaved for 30 minutes.  Both 
extracts, from Mucuna  and from Cassia, showed trypsin inhibition activity 
that w as lost after autoclaving suggesting that a proteinaceous inhibitor was 
responsible for this acti\ ity.
Aliquots (20 pg) of both extracts, boiled (3 min.) and non-boiled. were 
loaded onto a 15 SD S-PA G E gel. Trypsin inhibitor was detected using 
the in-gel assay. These samples were not treated with (3-ME to avoid 
dénaturation or loss o f  activity. More than one band corresponding to 
trypsin inhibitor was detected in extracts of  Cassia  using the in-gel activity 
assay suggesting the presence of  isoinhibitors (Figure 5.2). Tliis activity 
was completely lost af ter  heating the sample {Cassia extract) for a few 
minutes in boiling water.
M ucuna  trypsin inhibitors conserved their activity after heating for a few 
minutes as obserxed in the gel but this activity was lost after autoclaving 
for 30 min. The M ucuna  sample of total extract showed one band in the in­
gel activity gel.
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Fi{>. 5.2 In-gel Tr\ 'psin Inhibitor .Activity .Assay o f  Sfiictoui and Cassia  
Extracts.  .About 20 p g  o f  each dialysed ext ract  was  loaded pe r  lane. Lane I. 
Cassia  ext ract ;  lane 2. Cassia  boi led for 3 min ; lane 3. Bio-Rad  LMW 
marker;  lane 4. Mia tina extract;  lane 5. M ucuna  ext. boiled 3 min. A 15 
SDS gel w as used.  The  apparent  change in size o f  sam ple  5 could be due to a 
cha ng e in prote in  conform at ion  after boi ling the sample.
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5.4.2 Affinity Chromatography
Trypsin was attached to CNBr-activatcd Sepharose 4B resin by washing 
se\eral times with coupling buffer  and Ü.I M NaOAc. pH 4 (see Appendix 
I). Affinity chromatography with trypsin attached to the resin was 
performed according to the method described in 5.3.3. Dialyzed crude 
Miu'iuui and Cassia  extracts in 10 niM sodium phosphate buffer. pH 7.5. 
were loaded onto a trypsin afllnity column equilibrated with the same 
buffer. Unbound proteins were rem o\ed  by washing the column several 
t imes with 5 volumes of  10 mM sodium phosphate buffer. pH 7.5. A How 
rate of  1 ml/min was used for Cassia and the same for M ucuna. Then, a 
stepwise gradient of  0 .5M NaOAc -t- 0.5M NaCl of decreasing pH (7 2)
was used to elute bound inhibitors. Trypsin inhibitors bound to the column 
were eluted with the acetate buffer at pH 3. The elution profile for Cassia 
Mucuna  are shown in Figure 5.3 and 5.4. respectively. .Active fractions 
(fractions 46. 47) were dialyzed 6.x against 10 inM Tris, pH 8.0 using 
Spectra/For M W C O  3500 membranes. All of  the dialyzed affinity purified 
fractions were subjected to trypsin inhibition assay to find which fractions 
had activity. Absorbance was measured at 280 nm to monitor protein 
elution.
12(1
The elTicacy o f  the alïiniiy column can be obsen  ed in both chromatograms 
where the peak of  protein absorbance conelates with the activity peak in 
both cases.
Fractions from the affinity column w ere analyzed e lec t rophore t ica lh . Two 
parallel gels were run each time, one for silver staining and the other one 
for the in-gel activity assay. Cassia  and Mucuna  P.AGH gels showed more 
than one band with activity using the in-gel activity stain suggesting the 
presence o f  isoforms. Irypsin inhibitors were present at ver\ low 
concentrations. Ten affinity columns of  each plant extract were run under 
the same conditions to ha \e  sufficient amount of  trypsin inhibitor for 
further bioassays. Then, active fractions were pooled and dialyzed against 
10 mM Tris. pH 8.0 for further purification using ion-exchange 
chromatography.
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F iy u r c  5.4 Separa t ion ol'  rr>psin Inhibitors from M iu io u i  by 
Tr>psin Affinity C h ro m atogra phy .  The How rate used was 1 ml min 
and SO 3-ml fract ions  w e re  col lected using a s tepwise gradient  o f  
acetate buffer (pH ^ to pH  2.2) Trvpsin inhibitors  were e luted  wi th 
the acetate buffer  pH 3. The absorbance  o f  each fraction was 
measured at 280 n m  to moni to r  protein elution.  Tiypsin inhibit ion 
was  performed us ing the  s tandard  assay with 20 pi o f  each fraction.
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5.4.3 FPLC Ion-exchange Chromatography
AtTinity puril'icd active tractions dialyzed against 10 niM Tris. pH S.O. 
were centrifuged in a microcentrifuge at 10.000 ipm for 5 min. and then the 
supernatant was injected into the FPLC system using 2 ml per injection. In 
order to optimize the protein separation several NaCl gradients were 
evaluated (data not shown). The best gradients used for separating Cassia 
and M ucana  trypsin inhibitors are described in Tables 5.1 and 5.2. .After 
every chromatographic run. all fractions were concentrated at least live 
fold using Centricon tubes (10.000 Da) and subjected to electrophoretic 
analysis to determine their activity.
For the best separation Cassia trypsin inhibitors were eluted using a 
gradient of  0.07 -  0.08 M NaCl. Using these conditions for elution, two 
main peaks ( 1 and 2) of  actiyity were observed (Figure 5.5). FPLC prod les 
ol' M ucuna  showed several active peaks (Figure 5.6). Active proteins were 
best separated with a gradient of  0.02 M -  0.05 M NaCl. Five absorbance 
peaks ( # 2 - 6 )  inhibited trvpsin. Active FPLC-fractions from each plant 
were pooled and dialyzed in separate eontainers against distilled water 6 
times. Finally, FPLC fractions were concentrated using Centricon 
concentrations tubes (10.000 Da).
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Fij». 5.5. Separat ion o f  Tr \pMn Isoinhibitors from A (Il ni (y Purified 
Fractions from ( \ i s s ia  Kxtracts by lon-exchange Chromatography .  The RSQ 
amon-exchange co lumn was  equil ibrated with 10 mM Tris. pH S.O. Three 
fractions containing t rxpsm inhibitors (peaks  1. 2. 3) were  e lu ted  with a 
gradient  o f o o "  si - oomo si NaCl. Peak i did not show any t rxpsin inhibitor 
activity but showed some nemat icidal  activity. Peak 3 did show trypsin 
inhibitor aetisi ty even  though the small  peak does not a lways  appear.
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Fig.  5.6 Separa tion o f  Tr>psin i soinhibitors f rom Affinity Puri fied 
Fractions  from \U u una  Extracts by ion- exchang e Chromatography.  The 
anion -exchang e coiumn was  eqiiiiibrated w ith iO niM Tris. pH 8.0. Fixe 
fractions ( peaks  2 - 6 )  containing t rxpsin inhibitors  were  eiuted wi th a 
gradient  o f  0.02 M - 0 . 0 5  M NaCi.
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The conecnlralion o f  each active fraction was dctcrinincci using the BCA 
method. The yield o f  isolated inhibitors were;
CTI-1 5.7 m g / 100 g fresh material
CTl-2 1.6 m g /100 g fresh material
CTI-3 0.6 m g /100 g fresh material
MTl-1 1.15 m g / 100 g fresh material
MTI-2 1.4 m g /100 g fresh material
MTl-3 1.6 mg/100 g Iresh material
MTl-4 1.6 mg/100 g fresh material
MTI-5 1.6 mg/100 g fresh material
5.4.4 SDS-PAGE Analysis o f  Protein
Trypsin inhibitors from Ccissia were eleetrophoresed under denaturing 
conditions in a 15'/f SDS gel. Samples were treated with SDS, (3- 
mereaptoethanol.  and boiled for 4 min. to disrupt disultl iyd bridges. A low 
molecular weight protein standard was used. Tlie affinity purified fraction 
showed two main bands, one of  them corresponding to the trypsin 
inhibitors with a molecular weight o f  17.7 kDa and the other one had a 
lower weight with a estimated MW o f  16 kDa that was another form of 
inhibitor (CTI-2) separated by ion exchange column. Lanes number 4 and 5
I.VI
which corresponded lo (he ivvo main peaks, showed jusi one band with a 
molecular weight ol 17.7 kDa (Figure 5.7).
M ucwia  FPLC fractions with trypsin inhibition activity were treated 
similarly to Ccissia samples w ith SDS and (3-MF and these samples were 
run under the same conditions. Only peaks with trypsin inhibitory activity 
( 2 - 6 )  showed silver stained bands in the gel. FPLC purified fractions 
showed only one band. Peaks 2. 3. 4, 5 showed a MW of  approximately 
4.500 Da and peak number  6 showed a molecular weight of S.OOO Da 
(Fiiiure 5.S).
M ucuna  purified inhibitors were analyzed by SDS PAGL. H ow e\e r .  
because of  their small size it was necessar \  to separate them using a tricine 
SDS gel system. Both SDS gels, from Cassia  and Mucuna  samples,  were 
stained first with Coomassie Blue and then w ith silver.
1.14
Fij». 5.7 SI )S - l ’A(i l \  Ciel ( l 5 “ o) ol' RS(^ [ racl ions l'rum C\is,\iii 
fniticosii.  ( ici  u a s  stained tlrsl with Coomassie Hrilliant Blue and 
then s iKer  stained.  Lane I. Bio-Rad I.MW marker;  lane 2. total 
ext ract ,  lane 3. alTinilN puril ' ied ae t i \ e  fraction; lane 4 - a e t i \ e  
I IM.C purified fractions with a MW o f  17.701) Da. Samples  were  
t reated with (LMli and boi led for 1 minutes prior to loading on the 
gel. Lanes  2. . \  4. 5 and b were loaded with 10 pg. I pg.  I pg.  0.5 pg 
and 0.2 pg.
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Fig. 5.8 S D S - l ’ACil CicI ( I5"u)  o l ' R S Q  I racl ions I'roni Miicuiiti hoUIii. 
l anes co r respond to 1. 2. ( \  1. K piirillcd l r \p s in  inhibitors; lane total 
extract; lane 4. alllnitx purified ae tixc fraction; lane 5. Bio-Rad l .MW 
marker.  I he  gel w as  si lxer stained. I he gel was loaded with 14 p g  o f  
total extract .  p g  o f  sample  4, and 7. and 1 p g  for the rest o f  samples.
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5.4.5 Tricine-SDS PAGE
Only Mucuna  active I raclions were run on the Tricine-SDS PAGE system 
because of their small size (< 10 kDa ). The gel was prepared according to 
the procedure described in 5.3.b. An ultra low molecular weight marker 
was used (Bio-Rad - Cat. No 161-0.^26, 1.4 -  26.b kDa). The alUnity 
purified fraction showed several bands that did not appear when running 
only SDS-P.XGE. However.  l-'PLC fractions corresponding to peaks 2. ? 
and 5 showed just one band confirming the purity of these trypsin 
inhibitors with a molecular weight of approximately 13.000 Daltons 
(I-igure 5.9). The M ucuna  inhibitors showed a higher MW on the tricine- 
SDS gel than on the Tris-glycine SDS gel.
5.4.6 Native PAGE
Electrophoretic analysis of Cassia  fractions under non-denaturing 
conditions showed that trypsin inhibitors were relatively pure, one band per 
peak. The purity of  Cassia trypsin inhibitors can be obse r \ed  in silver 
stained gels and in gels stained for activity ( Figure 5.10 ). Most of  the 
isolated inhibitors (CTl-1. CTl-2. MTI-1. MTl-2  and MTl-4) were 
apparently pure based on results of  SDS gels and lEF gels.
1.^7
kDa 1 2 3 4 5 6 7 8
Kig. 5.9 I r ic inc-SDS lV\(i l  o r i ’iirillcd I r \ps in  Inhibi tors I'roin Mucuiui  
holJii. l ane  I , i i io-Rad I lira low molecular weight markers;  lane 2. c rude 
d i a l w e d  ext ract ;  lane \  al llnitx purified aetixe fraction; lane 4. RSÇ  peak 
2; lane 5. K SQ  peak .1; lane 6. KSQ peak 4; lane 7, KSQ peak 5; lane H. 
RSQ peak (>. I en pg o f  total extract. .1 pg ol' alllnitx puril led actixe 
fraction and 0.6 p g  o f  each puri lled  trxpsin inhibitor xxere loaded on the 
gel. The gel  xxas llrst stained with C'ommassie Blue folloxxed bx silxer 
staininu.
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Figure 5.10. N;i t i\c  l’ACiF (15"<>) ol'  Purified T r \p s in  
inhibitors Iroin ( . \ i \su i  tn iiicosa  . I.ane 1, c rude d i a l w e d  
exiract;  lane 2, a l l ln i t \  a e l i \ e  l'raclion; lanes 3 - 5. KSQ 
purified fractions Iront peaks  I. 2 and 3. a) S iK e r  s tained gel; 
b) In-gel aeti \  it\ a s s a s . T\vent \ p g  ol e.aide extract .  2 pg o f  
alllnitN purified fraction.  1 5  p g  o l ' (  ov.vh; t rxpsin inhibitor 
(C i l I I. 0.5 pg  ol C 112 and 0.2 pg  OI C TI3 were  loaded into 
each lane, f r ac t ion o f  peak i did not show any t rxpsin 
inhibitorx actix i tx.
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M ucuna  FPLC fractions were subjected to electrophoresis under 
nondenaturing conditions using a I39i native gel. A parallel gel was run for 
the in-gel activity assay. M ucuna  proteins showed only one band 
suggesting that they were relatively pure. Five peaks (fractions 2 6)
showed trypsin inhibitory activity (Figure 5.11 ). Trypsin inhibitors M TI-1 . 
MTI-2 and MTI-5 were weakly stained because of  their relatixely low 
concentrations and therefore the activity bands were faint. The peak 
number  1 from the FPLC A^so profile o\ M ucuna  did not show any trypsin 
inhibitor) activity. Likewise, there were no protein bands detected in the 
gel after s il \e r  staining. Interestingly, this fraction had the best nematicidal 
activity against C. clcf>ans. The identity o f  the active component  will 
require further study.
5.4.7 lE F  o f  Trypsin Inhibitors
Cassia trypsin inhibitors, peaks I and 2. were resuspended in distilled 
water and subjected to IFF in a gel with a pH 3 - 5 range. The pi for both 
trypsin inhibitors was approximately 5.0 (Figure 5.12). The gel was stained 
first with a staining solution containing 27 isopropanol. 0.04 9f o f  CBB 
R-250. 10 9r acetic acid. 0.5 9f CuSO,.  0.05 Cr crocein scarlet 4B.
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Fig. 5.11 N a t i \ c  I'ACil (15'’u) ul Puri l led Tr>psin Inhibi tors I'roni 
M ucuna  lialJii. I .anc I. c rude d ia ly /cd  ext ract ;  lane 2. alTinitx ac t i \ e  
fraction; lanes  3 - 7. RS(,) purified fract ions from peaks 2. 3, 4, 5 and 
(i. Peak I did not inhibit  trxpsin. Silxer  stained gel. B. Trxpsin 
actix itx gel.  O ne  p g  o f  each sample was  loaded into each lane. .All 
i soinhibitors  were  not detec ted  in the crude and alTinitx fractions 
apparent ly  due  to thei r low concentrat ion.
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pi
5.1 * 
5 .0*
4 .6*
3.6
Fit». 5 .12  Determination ot' pi V alues tor T r \p sm  Inhibitors 
Isolated from Cassia fn ii i iou i  by IFF Lane I. B io -R ad  markers; 
lane 2. R SQ  peak I; lane 3. R SQ  peak 2. The gel w as  silver  
stained. ILF w as performed with an am pholyte  o f  3 to 5 pH range.
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The gel was destained by washing the gel several times with a solution of  
\ y \  isopropanol. 7 acetic acid, 0 .5 ‘ ( CuSCT (v/v/w). Finally, the gel 
was silver stained to confirm the purity o f  the samples.
Mncuiia  trypsin inhibitors were subjected to IFF under similar conditions, 
but the best pH range for the gel was 5 -  S. The main problem with 
Mucuna  trypsin inhibitors was the fact that most of  the trypsin inhibitors 
diffused out of  the gel during the staining and destaining process.  This is 
probably because o f  their small size (~ S (KK) Da I. Most of  them seemed to 
have a similar isoelectric point o f  around 5.4 (Figure 5.1.4). The pis of 
trypsin inhibitors from different plant species are given in the Table 5.4.
TubU' 5.3. Koclcelrie Point o f  Trypsin  inhihilors l iom DilTcrcnl Plant Spceics.
C o m m o n  N a m e (Tenus pi R e f e r e n c e
Buckwheat F a^o p M  tim t'si u lcn ium 4,(i 5.6 Kiyohara  & iwasaka (1985)
Beans FlhiM'iilns viiliiuris 4 5 Ray as-Duarte  ci al. l lVV2l
Orchid  Tree l i im h n u a  varic^uia 4.S - 5.2 Di Ciero cr al. ( 1W8)
Jackbean Cana\'(ilUi linvuta 4.5 Te rad a ci al. (1994)
lano- l ic ' s-bleeding Ainaraiitlius cumUuus 7.8 ' 8..^ Hcjgaard  ct al. (1994)
Zucchini C'uciirhilti [H'po 5.6 Leluk f t  al. ( I98.T
.Squash Ciu urh ik i  m ax im a 8..7 Leiuk f t  al. 0 9 8 3 )
Potato Sa h in u m  tiihcrosum 6 .y Rouleau & Lam y (1975)
Black-eyed pea Vilena sincnxis 6.5 Gennis  & Can to r (1976)
14.^
5.4.8 Caetwrhabditis elegans Assay
The elTecl o f  Cassia  FPLC purified proteins on nematode mortality/ 
survival were tested using C. ele^ans  (Figure 5.14). A protein 
concentration of  13 pg/ml per well was used for the assay. Each well 
contained around 20 nematodes resuspended in diluted baeteria-free 
medium. Nematodes  were observed after 24 hr. under  a stereomieroscope. 
Four FPLC purified proteins were tested: Ci. C T I - I . CTl-2, and CTI-3 that 
corresponded to peaks i. 1 . 2  and 3 (See Figure 5.5). CTl- l  showed the 
highest ac t i \ i ty  causing 5()ff nematode mortality. CTI-I also had the 
highest trypsin inhibition activity. CTl-2 did not exhibit  any nematicidal 
effect at the concentrations used in the assays and CTI-3 caused only low 
( 18 ff ) mortalitv.
Even though trypsin inhibitor acti\  ity was not detected in Ci. this fraction 
caused 29 fr nematode mortality suggesting the presence o f  another active 
protein but not a trypsin inhibitor. The nature of this activity is not known 
and will require further investigation.
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pi 1 2
7.2 1
6.8 1
6.6 I
5.9 #
5.4 >
5.1 #
4.6 *
# .■•■•'.jt.-L
5.13 Determination o f  pi Values  ot I rypsin inhibitors  isolated 
from Miu utui by  iHF. Sample 4 corresponded to peak nu m ber  4 in the 
FPLC ch r omatogram .  0.5 pg  of" each sample u a s  loaded on the gel. 
The bands  of" the other samples  ( 1 . 2 . 5  and 5) u e r e  u a s h e d  o t T u h e n  
staining. Ge l  u a s  silver stained. .Ampholytes ot" 5 to S pH range ue r e  
used
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Control
Fig.  5.14 Effect o f  Cassia  (rçpsin inhibitors on C. clci^ans. The assay 
was performed in a EL IS A plate contain ing around 20 nem at ode s  per  
well.  Protein was added to a t1nal concentra t ion o f  13 pg  ml. Four 
replicates were used per sample.  Ci does  not have trvjisin inhibi tor  
activity.  CTI-1 and CTl -2 ,  and CTI-3 are i rypsin inhibitors and 
correspond to peaks  1. 2 and 3 (Fig. 5.5). The total n u m b e r  o f  
nematodes  used (20) was  considered as 100 Dead and  live 
nematodes  were  counted  and recorded af ter  48 hr. Error  bars  represent  
the s tandard de\  iation
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M ucuna  ir \psin inhibitors were also tested using C  dedans  under similar 
conditions to C aw ia.  Six isolated proteins were tested (M l .  M T l- l ,  MTI-2. 
MTI-3. MTl-4. and MTI-5) corresponding to peaks ( 1-6 ) in the FPLC 
chromatogram (See Fig. 5.6). Ml was the only fraction without trypsin 
inhibitory activity, however,  this fraction exhibited the highest nematicidal 
activity causing 59 ‘ r mortality. MTI-2. and MTI-3 showed a lower 
activity (25 and 29^4 nematode mortality,  respectively), when using a 
protein concentration o f  13 pg/ml. M l  showed almost the same percentage 
of  mortality (6()‘i ) with a higher concentration of protein 40 pg/ml. 
Mortality caused by MTl-3  increased from 2954 to 625? with the higher 
concentration (Figure 5.15). MTI-1. MTI-4. and MTI-5 did not show any 
nematicidal activity against C. clciions at the concentration o f  13 pg/ml and 
higher concentrations were not tested because o f  the limited amount of 
material available. protein band was not detected in Ml even though this 
fraction gave a positive reaction for protein using the BC .\  protein 
determination. It is possible that this material is a peptide or other lower 
molecular  weight compound.
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Fit;. 5.15 HtTect o t ' \ f m  uiui  trypsin inhibitors on C. clcj^ans. The assay was 
pcrt 'ormcd in a ELISA plate conta in ing around  20 nematodes per well .  
Protein was  added to a final concentra t ion o f  13 pg  ml. Only sample I and 
4 were  tested wi th a h igh er  concentra t ion o f  40  p g  ml. Four  replicates were 
made per sample.  M l  is the  only isolated protein that did not show trypsin 
inhibitor  activity in the spec t rophotometr i c  assay.  The er ror bars represent 
the s tandard  de\  iations.
I4S
5.4.9 Characterization
Trypsin inhibitors from Cassia and from Mucuna  were partially 
characterized by determining their purity, quaternary structure, molecular 
weight, isoelectric point and their specificity tor trypsin and chymotrypsin.
5.4.9.1 Puriiy
The purity ol both Cassia and Mucuna  trypsin inhibitors was assessed by 
native P.AGl:. liach ol them showed just one band in the na t i \e  gel alter 
silver staining and parallel staining in the activity gel. CTI-1 and CTl-2 
fractions from Cassia as well as M ucuna  fractions showed one band on 
SD.S gels. The same trypsin inhibitors when separated on an IHI- gel 
showed just one band confirming their purit> .
5.4.9.2 Quaternary Structure
Samples were treated with SDS, (5-mercaploelhanol and heated in boiling 
water for 4 min. to determine the num ber  of  subunits present in eaeh 
protein. Most of  inhibitors showed just one band on SDS gels, native gels 
and lEF gels. The MW aceording SDS gel run were to M W  caleulated by 
M A LD I-TO F analysis (See Table 5.4) than the MW on tricine gels. 
Trypsin inhibitors from Cassia showed a M W  slightly higher  than 30 kDa
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d e l e n n m m p  d i e  M W  o l  i s o l a t e d  m l i i h i l o r s .  S m a l l  a l i i | u o l s  i I fil ) o l  e a e l i  
t r y p s i n  i n h i h i t o r  r e s u s p e i u l e d  in d e i o n i / e d  w a t e r  w e r e  u s e d  l o r  l a s e i  m a s s  
s p e e t  rol l  let ry The  M A I . D I  T (  )l a n a l y s i s  l o r  ( t i w i t i  m l i i h i i o i s  is  p r e s e n t e d  
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A small pcplidc or other (actor (peak M l )  without detectable trypsin 
inhibitory activity was isolated from Mucuna. This component  corresponds 
with the first absorbance peak that appeared in the FPLC chromatogram. 
This fraction was also sensi t i \e  to BCA analysis. These results suggested 
the presence of  a protein or  a peptide. This compound w as the only one that 
was not detected on silver stained SDS gels. The fact that this peptide did 
not appear in the SDS-P.XGH gel could be because it has some molecule 
attached and does not react w ith silver stain, making the peptide inaccesible 
to silver staining reagents. Alternatively, the peptide part is so small that 
alter treatment w ith (i-Ml: and SDS it could not be retained in the gel and 
was washed away during the run. Alter analysis by laser mass 
spectrometry, a molecule w ith MW of  74bO was detected (Figure 5.17).
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Fig. 5.16 M A L D I -T O F  Mass Analys is  o f  Trypsin Inhibitors 
f rom C assia  lruiico\a .  Panel a cor responds  to FPLC peak 2 
and panel  b corresponds  to FPLC peak I .
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Fig. 5.17 M A L D I -T O F  Mass Profile o f  the FPLC Pun (led Nematicidal 
Pept ide (peak I ) f rom \tiH iinii hoUtii. This  ac tive  peptide showed a MW 
o f  7.460 Da
1 5 3
The MWs o l ' irypsin inhibitors (MTl-1-MTl-3)  troni M ucuna  were divided 
in two subgroups based on their size detennined by M A L D I-T O F  mass 
analysis: MTI-2 and MTl-3  with MWs ol 3440 and 3483 are shown in 
Figure 3.18. The second sub-group o f  inhibitors (M Tl-L  MTl-4  and MTl- 
3) with MWs ol 8107. 8338. and 8378 Da. respectively, are presented in 
Figure 3.1V. A summary of  the MW data obtained using geis and mass 
spectrometry is given in the following table:
T ubk 5.4.  Esl inuilcd Molecula r  \ \  eights  | k l ) a |  ol ('(Ismh and Miuumi  Trypsin 
Inhibitors
Inhibitors CTI-1 CTI-2 CTI-3 MTI-1 MTI-2 MTI-3 M TI-4 MTI-5
SDS
| ‘a ( ; k 17.7 17.7
lo.w
17.7 b s 0.5
s .o
0.5 0.5 S.O
Tricine
SDS ND ND NI) 1.7 1.7
b.2
1.7 1.7
12.2
S.O
M.VLDI
TOI 21.77 21 .bV ND S . 17 5.4 5.5 X.4 S.4
NI); not determined
There was a marked difference in the molecular weight of  these two groups 
o f  inhibitors. Cassia  inhibitors have properties similar to those o f  Kunitz 
inhibitors, i.e. relative size and sensitivity to heating. M ucuna  inhibitors 
resemble Bowman -  Birk inhibitors because of their small size ( -  S.OOO Da) 
and stability to heating.
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Fit». 5.18, M A L D I - T O F  Mass  Analysis o f  Trypsin  Inhibitors from Mia una. 
Panel a: Trypsin  inhibitor  that corresponds to peak 3 (MTI-2)  in the F P L C  
profile show ing a MW o f  5.440 Da. Panel b: Trypsin  inhibitor ( 5.485 Da  ) that 
corresponds  to pea k  4 (MTI -3)  in the FPLC profile.
1 5 5
8167
8 3 5 8
8 3 7 8
Fiy. 5.19. M A L D I - T O F  mass  analysi s  o f  tr>psin inhibitors from Sfmuna.  
Profi les from FPLC peaks: 2 (MTI-1);  5 (MTI-4) ; and 6  (M T I-5 )  for a. b. 
and c,  r e spe c t i \e ly .
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Tricinc-SDS PAGE gave MWs (13,()()() Da) lor M iuuna  inhibitors with a 
ciiiTcrcncc t'rom M W s determined b \  laser mass spectrometry (S.()()() Da) of  
5 kDa.
After sequencing and determining the primary structure o f  these small 
'nhibitors it is possible to isolate the gene responsible encoding each of  
them and to introduce the best one into crops to enhance their resistance to 
pests and pathogens. The small s i/e  o f  these peptides will facilitate gene 
manipulation and e.xpression in crop plants. 1-ore.xample a trypsin inhibitor 
of  S.OOO Da will have approximately 218 bp gene. This small gene is easier 
to sequenee, amplify by PCR or be detected in small DNA libraries. 
Besides, small proteins expressed in transgenic plants are more probably to 
be consumed by target plant parasitic nematodes.
5.4.9.4 Isock'ctric Point
The pis for both Cassia and M uciata  trypsin inhibitors were in the acidic 
range. All Cassia  inhibitors showed similar pis of  about 5.0 and the pis for 
most o\' Mncuna  inhibitors were about 5.4.
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5.4.9.5 Inhibition o f  Chym otrypsin  by Pnrifwd Trypsin Inhibitors fro m  
Cassia ami Mucitna.
Trypsin inhibitors from Cassia  (CTI-1) and from M aciina  (MTl-4) were 
tested with chymotryps in to determine their spceifieity. C T l- l  and MTI-4 
correspond to peak 1 and peak 5 in b'PLC profiles o f  Cassia  and Miu nna. 
respectively. The chymotryps in  assay used is described in 5.4.4. 
Commercial trypsin-chymotrypsin  inhibitor BBl was used as a positive 
control. Inhibitors were tested at a final concentration o f  6 pg/ml. Neither 
CTI-1 nor MTl-4 were effective inhibitors of  chymotrypsin. CTI-1 and 
MTI-4 reduced chymotrypsin  activits by 10 ‘r and 18 ‘r ,  respectively; 
while BBl reduced chymotrypsin  activity by 55 'i i . In contrast, inhibition 
of trypsin by CTI-1, M TI-4  and BBl were 9b ^r. 46 ' r  and 92 fr (Fig. 5.20).
5.4.9.6 Determination o f  Du o f  Cassia and Mucuna Inhibitors
Tlie values for U,i were obtained  from a linear plot o f  trv psin inhibition 
versus the amount o f  inhibitor.  Three replicates o f  each sample was 
performed. The amount o f  Cassia  and Mucuna  inhibitors needed to get 50 
9f inhibition of  trypsin was  1.4 pg/ml and 3.6 pg/ml (Figures 5.21 and 
5.22).
I5K
i «  4 0
Q  O iynT D trvD S in
T rypsin
MTV4
f t o t e a s e  h h ib ito rs
Fig.  5.20.  C o m p a n s o n  o f  chymotryps i n  and trypsin inhibitor) activity o f  
proteinase inhibitors isolated from Mtauiui  and Cassia.  Bo wm an- Bi rk  
inhibitor was  used as a positis e control .  Six  p g  o f  each inhibitor was  used  
in the assay. Error bars represent the standard de \ iat ion .
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Fi|>. 5.21. Determinat ion  o f  l<„ o f  Cassia Inhibitor.
Tr \ps in  inhibition (*’o o f  control ) in each reaction was  plotted against the 
concentration o f  the inhibitor (aff inity purified traction). The amount o f  
Cassia  inhibitor needed  to get 50  inhibition o f  trypsin (TKo) I 
pg  ml.
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Fiy. 5.22. De tcmiinat ion  ot ‘ l<,,ot'A/(A7//w Inhibitor.
T r \p s in  inhibit ion ("„ o f ' con t ro l )  in each react ion was  plotted against  the 
concentra t ion of' the inhibitor (affinity puri fied fraction) The amount  o f  
M ia u n a  inhibitor n eeded  to get 50 "» inhibit ion o f  trypsin (TU„) was 3 6 
Mg ml.
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5.4.10 Discussion
The isolated inhibitors h a \ e  several advantages to be used in plant genetic 
engineering. One of  them is their small size and another is their 
inactivation by heat. Both Cassia and Mucuna  were inactivated after 
autockiN'ing for 30 min. Consumption of  M ucuna  and Cassia seeds has 
proven to be safe. The elucidation of  their primary and secondary structure 
will make them potent tools to engineer  nematode resistance in several 
crops.
Isolated trypsin inhibitors (aflmity-purilled fractions) from Mucuna  and 
Cassia  resemble Kunitz, and Bowman inhibitors (Steiner and brattali. 
1060)(Table 5.5).
T a b i c  5.5.  Cunipar ison o f  .Some Proper ties o f  Ctiw ia  and Muctitut Trypsin infiibitors 
wall  ifie .‘\ e l i v i i \  o f  Kunitz and Bowman-B irk  Trsps in  Inhibitors.
P r o t c a s c  I n h i b i t o r Speci f ic  .Activity “ M W l k D a l l5</’ T h e r m o s ta b i l i t y '
Cassia  Tl 1 21 1.4 .
M ucuna  Tl 1.2 S T b -f
Kuni tz Tl 1 21 NO -
B ow m an-B i rk  Tl 1 S ND
■ Speci fic activity measured as micromoles  o f  substrate hydrolyzed per minute  per 
mi l l igram of  protein jLVmgj. is expressed in pg/ml .  '‘Themiostabi l i ty  test was made 
by heating samples  (CTI and MTI)  for 4 mm. in boi ling water.  ND means  non 
determined.
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The adverse etïeci attributed to protea'^e inhibitors can be eliminated by 
heating or by mixing them with sugars that are commonly present in daily 
food. In addition, protease inhibitors isolated from different sources may 
possess anticareinogenic aeti\  ity that may explain why vegetarian diets, 
where the protein source is mainly seeds, lead to a healthy style o f  life. 
Thus, some of  the advantages that protease inhibitors offer support the 
interest in using them in plant genetic engineering.
C. clciians were used to determine the nematicidal effect of  isolated 
inhibitors under laboratory conditions instead o f  Meloidoj^ync incoj^niia. 
M. incoyni!(i is an obligate parasite and does not feed outside of  the host. 
Consequently, it is not possible to test the effects o f  exogenous proteins rv 
plan!. M. incaynita  could be used when expressing trypsin inhibitors in 
transgenic plants. In contrast. C  eU‘i>an.s is a free-living organism that 
normally feeds on bacteria Escherichia coli. C. cici'ans  can be maintained 
on defined media containing added proteins such as the isolated trypsin 
inhibitors. Thus. C. cict’ans  was used in these studies to determine the 
nematicidal activity o f  isolated tri psin inhibitors.
16.1
5.4.11 Conclusions
•  Trypsin isoinhibitors (CTIs) were isolated from Cassio seeds b\ affinity 
chromatography. Three isoinhibitors were further separated and purified 
by ion-exchange chromatograph) on a l-PLC system.
• After ion exchange chromatography Cossia  inhibitors were determined 
to be pure showing single bands on IHF. native and SDS gels. The 
native inhibitor showed a MW  of 31 kDa and the inhibitor treated with 
SDS and (3-Mli showed a single band with a MW of 17.7 kDa on SDS 
gel. Cussia  inhibitors had a MW  of  21.7 kDa according to M ALDl-TOF 
mass analysis.
•  Six peptides ( Ml .  MTI -1 - MTI- 5 1 were isolated from Mucuna  seeds, 
one ( Ml )  without trxpsin inhibitory acti\ i ty and five isoinhibitors of  
trypsin. Ml did not show any band on SDS-PAGH gels after silver 
staining.
•  The molecular weight of M ucuna  inhibitors was precisely detemiined 
by MALDl-TOF mass spectrometry. Three of them had MWs of  8.2.
8.4 and 8.4 kDa. Two of  them were even smaller with MWs of  5.4 and
5.5 kDa.
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Miicitnu trypsin inhibitors (M TI-1 . M TI-2. MTI-4) showed single bands 
on SDS gels, native gels and Trieine-SDS gels.
The isoeleetrie point lor inhibitors from Cassia  were 5.0 while the pis 
for inhibitors from Mucuna  were 5.4.
Isolated inhibitors from Cassia  and from M ucuna  showed nematicidal 
activity against C. clci^ans. Two CTIs  caused 1S‘ ( and 29Ci nematode 
mortality while MTI-2 and MTI-3 caused 25 and 2V9f nematode 
mortality at a final concentration o f  13 pg/ml. However.  Ml which does 
not inhibit trypsin exhibited higher nematicidal activity with bO C( 
mortalitv at the same concentration.
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Appendix I : Research Protocols
Agglutination Assay (Lectin A ssay)
Rcagcnls: Human, rabbit, and porcine red blood cells (RBC).
1.5‘ f RBC diluted in PBS.
PBS ButTer :1.5 M NaCl
0.5 M Na:KPÜ4
pH 7.4 (equilibrated with 0.5 M NaH:P()4)
Mi.\ 450 pi ot each RBC with 2550 pi ol PBS Butler.
Protocol:
1. Add 50 pi PBS per well
2. Add 50pl ot each sample
Add 100 pi diluted RBC to each well 
4. Incubate at room temperature tor 30 minutes
Agglutination of  RBCs are observed using a light box.
IXV
C hym otrypsin Assay
(Method developed by Ruzhu Chen, unpublished data)
1. Prepare BTN A  solution as follows:
Dissolve in 5 ml acetone 5 mg of  BTNA 
Add 5 ml 0.2 M Tris-Cl pH 8.0
2. To 0.5 ml o f  0.1 M Tris-Cl. pH 8.0. add 20 pi of  sample
3. Add 0.5 ml BTN.A solution. mi.\ and incubate for 5 min.
4. Measure reaction continuously at 410 nm
lE F  Protocol
Gel Preparation:
dH:0 2.5 ml
Monomer  ( 2 5 ' f T  / .3^rC) 1 ml
Glycerol ( 25^4 ) I ml
Bio-lyte (ampholyte) 0.5 ml
De-gas. then add: 50 pi 10^4 APS
50 pi 0 . Hr FMN 
5 pi TK M FD
IFF Run:
100 V 15'
200 V 15'
450 V 60'
After running the gel, stain for two hours. Then, deslain with 2-3 
time changes.
I VO
lEF Slain:
27 isoprnpanol
().04^r Coomassic Brilliant Blue R-250 dissolved in isopropanol 
10 ' f Acetic acid 
0 . 5 ' r CuS0,;.5H:0 
0 . 0 5 ' r eroeein scarlet 4B
IHF Destain Solution:
12 '< Isopropanol 
7 ' f Acetic acid
0.5 'r  CuSO.:
Trypsin  Assay
Add to each cuvette 1 ml o f  0.1 M Tris. pH S.O 
Add 5 pi trypsin solution (5 mg/ml]
3. Add 20 pi of  each sample and incubate for 5 min. at room 
temperature.
4. Add 40 pi of  BAPNA |benzoyl-DL-arginine-p-niiroanilide; 40 
mg/ml in dimethyl sulfoxide] to initiate reaction.
5. After incubating the reaction mixture for 5 min. at room temperature 
measure absorbance at 410 nm
ivi
T rypsin  A ffînity Column
1. Hydrate CNBr-Scpharose 4B powder  in ImM HCl for 15' ( Ig powder /
3.5 ml gel). Weigh 4.3 g of  CNBr-Sepharose 4B for 15 ml gel.
2. Transfer  swollen gel to buehner  funnel (with filter paper Whatmann #
1 ) and wash with 1 niM HCl (>200 ml/g powder).
3. Wash brie By with coupling buffer (0.1 M N a H C 0 3  + 0.5 M NaCK pH 
8.3) a p p r o 5 ml/g powder.
4. Transfer  gel to solution containing 100 mg trypsin dissolved in 30 ml 
coupling buffer (Gel:Buffer ratio 1:2).
5. Mix end-over  end in the glass test tube for 2 hrs. at room temp, or 
overnight in the cold (do not use stirring bar).
b. Dry gel in the Buchner funnel with Whatman # 1 and wash with 400 ml 
of  IM ethanolamine pH 8.0. Transfer gel to solution containing 30 ml o f  
IM ethanolamine pH 8 to block remaining active groups and mix for 2 
hrs at room temp.
7. Transfer  gel to Buchner funnel containing W hatman #1 paper and wash 
under vacuum with the following buffers alternating 7 times with 
approx. 200 ml each time:
a) Coupling buffer
b) 0.1 M NaOAc + 0.5 M NaCh pH 4.0
8. Tlie gel was transferred to a column and washed with 100 ml of  buffer 
10 mM Na phosphate pH 7.5. The column was kept in cold ready to use.
SDS-PAGE
15Ty SDS-PAGH: separation gel
11.5 ml 30:0.8 Acrylamide : Bisacrylamide
2.8 ml 3 M Tris-Cl pH 8.V
8.0 ml H : 0
225 M lO'f SIDS
De-gass for 5 min.
Then add:
225 pi HK; APS
5 pi THMHD
Transfer this gel solution between plates and add two or three ml o f  2- 
butanol on top of  the gel to prevent oxygen to reaching gel and let 
polymeri/.e for 40 min. After polymerization discard the huthanol and rinse 
the gel with distilled water. The add the stacking gel solution.
39f Stacking Gel:
1.3 ml 30 : 1.03 Acrylamide : Bis
2.5 ml 0.5 M Tns-Cl pH 6.8
6.1 ml H:0
100 pi 109r SDS
Finally add:
100 pi 109( APS
5 pi TEM ED
IVI
When ready add the stacking gel solution and place the comb carefully. Let 
it polymerize for 40 minutes.
Running Buffer:
1 g SDS 
6 g Tris, free base 
28.Sg Glycine
Add deionized water to 1000 ml. pH should be 8.3 without adjusting.
Sample Dye Mixture: Ix
1.5 g sucrose 
0.2 g SDS
1 mg Bromophenol blue
4.5 ml Running Buffer
Store at - 2 0  X  in 400 pi aliquots
Gel Staining:
1 ) Commassie  Brilliant Blue R-250 
0.375 g Commassie  Brilliant Blue
67 ml Methanol. Mix before adding the glacial acetic acid.
15 ml Glacial Acetic acid
Add deionized water to the final volume o f  150 ml 
Filter with Whatman No 1 by gravity
IV4
DcsUlin Solution; ( I L )
100 ml acetic acid Glacial 
300 ml Methanol 
600 ml H : 0
Alter  destaining the gel is stabilized in lOG acetic acid containing 4  G 
glycerol.
2) Silver Stain
L'ix solution: 100 ml Methanol
24 ml Acetic acid 
0.1 ml Lormaldehyde (37' r i 
Bring to 200 ml with dH4)
Pretreatment solution:
40 mg Sodium thiosullate (NaTS) in 200 ml deionized 
H4)
Silver Stain solution:
400 mg A g N 0 3
0.15 ml 37^4 Pormaldehyde in 200 ml H4)
Developer: 24 g Na^CO;
0.2 ml Formaldehyde 
8 ml o f  pretreatment solution 
dH;0 to a final volume of  200 ml
IV5
Stop Solution: 10 acetic acid 
Procedure ol Silver Stain:
1. Fix the gel in the fix solution for two hours. Skip this step if the gel 
has been stained with CBB.
2. Place the gel in 50 ethanol, twice for 30 min each. Shake
3. Replace the solution with pretreatment solution for one minute.
4. Wash the gel with deioni/ed water three times. 20 seconds each time
5. Place the gel into silver stain solution for 20 min.
6. Wash the gel w ith deioni/ed water three times.
7. Add the developer  solution and develop as long as the protein bands 
show up. Discard the developer and stop adding the stop solution.
8. Place the gel in 10^1 acetic acid and 4 ' r  glycerol before drying. 
In-Rcl Activity A ssay
1. Put the gel after PAGF-electrophoresis into a Hat container  and wash 
w ith deionized water.
2. Immerse the gel into the trypsin solution prepared as follow:
10 ml o f  IM  KH:P04
1%
10 ml ol IM K:HPO.
Add deionized water to a llnal \ olume ol 200 ml.
Dissolve 50 mg trypsin in 150 ml 0.1 M K-pliosphate bulTer pH 7.0 
and incubate the gel in this solution for about 20 min.
3. Carefully pipette out the trypsin solution and add the substrate solution 
which is made in the following procedure.
A) 20 mg acetyl-dl-phenylalanine-b-naphtyl ester in 10 ml of 
dimethyl formamide firstly and
B) 40 mg o f  tetrazotized orth-dianiside in 100 ml 0.05 M K- 
phosphate buffer (50 ml of  0.1 M Kphosphate buffer + 50 ml 
H :0 )
Mi.\ A in B and use fresh.
4. After 1 h or overnight,  the gel is transferred to 2fi acetic acid to destain.
5. Drv the eel.
IV7
Appendix II: Solutions and Media
Acrylamide: bisacrylamide (3C)'( : 0.8'< ):
Acrylamide 30 g
Bisacrylamide 0.8 g
Add deioni/ed water to a final volume ol 100 ml 
Filter through a 0.45 p filter.
Store at 4 ”C in the dark.
Discard after 30 days.
B.APNA substrate:
Resuspend 40 mg of BABXA in 1 ml of  Dimethyl sulfoxide. 
Store at room temperature.
BTNA substrate:
Resuspend 5 mg of  BTNA (I-W=405.4i in 5 ml o f  .Acetone 
Add 5 ml of 0.2 M Tris-Cl PH 8.0 
Store at room temperature.
Liebermann Spray
Klhanol (V5'f ) 800 ml
H:SO.i 100 ml
I4K
Acelic Anhydride 100 ml
Nolo: Place the ethanol into an ice bath with stirring and add H;SOi 
very carel'ully drop by drop and under the hood. The preparation ol 
this reagent is e.xtrernely reactive.
Potassium Phosphate BulTer
1 M KH:PO-i 10 ml
1 M KH:PO.i 10 ml
Add deionized water to a final volume o f  200 ml to get a 0.1 M K- 
phosphate buffer solution.
Sample Buffer;
4^; SDS 
12'f Glycerol 
50 niM Tris
2'T B-MH
0.0 D f Ser\ a blue G 
Adjust pH to 6.8 with HCl.
Sodium Phosphate Buffer pH 7.5
To prepare a 10 mM buffer mix:
1 M Na H:P(b.H20 (monobasic)  16 ml
1 M Na:HM)I (dibasic) 84 ml
Dilute 100 times.
i w
PBS Phosphalc-bulTcrcd saline 
NaCl S g
KCl ().: g
Na:HPO i 1.44 g
KH:PO: 0.2 g
Adjusl ihe pH to 7.4 and add deionized water to 1 liter. Autoclave
Separation BulTer. 3 M Tris-Cl pH 8.9
Dissolve 39 g of  Tris base in 70 ml of  deionized water
Adjust to pH 8.9 with 1 N HCl 
Add H:0 to 100 ml total volume 
Pi Iter or autocku e and store at 4 "C.
Stacking Buffer. 0.5 M Tris-Cl / SDS pH 6.8
Dissolve 6.5 g of  Tris base in 40 ml of  deionized water.
Adjust to pH 6.8 with 1 N HCl 
Add H:0 to 100 ml total volume 
Filter the solution through a 0.45 p filter 
Add 0.4 g of  SDS and store at 4 "C.
R eagents for tricine-SD S gel electrophoresis
Anode Buffer; 0.2 M tris pH 8.9 
Cathode Buffer: 0. I M T r i s  pH 8.25
0.1 M Tricine 
0.1 Ct SDS
:(H)
Gel Butïcr;
Sample BulTer:
3 M Tris pH 8.43 
0.2 9f SDS
4 G SDS 
12^( glyeerol 
50 mM  Tris 
2 G (3-Ml£
0.01 G S e r v a b lu e G
4V.5G T. 3‘T C 48 g Acrylamide
1.5 g bisacrylamide
49.59r T. b‘( C 46.5 g Acrylamide 
3 g bisacrylamide
Vol = 100 ml
Tricine-SDS Gel (Vol = 30 ml ) was made mixing following solutions
Separating Gel
Ki.s <;t . 6 •; (
Stacking Gel
4 T. c
49.5 ^  T, 3 C - 1 ml
49.5 ‘TrT, 6 9r C 10 ml -
(Jel bulTcr 10 ml 3.1 ml
(Jlyccrol 4 ml -
HïO 6 m ’ 8.4 ml
10 % APS1 150 pi 100 pi
TEMEI) 15 pi 10 pi
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Insect Stoneville Diet
Ingredients:
Soy Flour  (ICN ) 39 g
Sucrose 39 g
Wheat Germ (Pioneer) 34 g
Wesson Salt Mix 9.5 g
Vitamins 9 g
Methyl Paraben 1 g
Sorbic Acid 0.9 g
Agarose 20 g
Aureomycin 0.9 g
Streptomycin 100 mg
D i d  Prcparaiion:
1. Pul 153.4 u dry ingredients in a blender
2. Add 900 ml boiling distilled water (per parts]
3. Add 2.5 ml Mold Inhibitor
4. Pour in a diet trav
21):
